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PHAN HUY 2,4,6-TRINITROTOLUEN (TNT)
TRONG CHAT THAI RAN BANG SAT KIM LOAI

bénToa soan 28-12-2007

PHAM MANH THAO
Hoc vién Ky thudt qudn sy

SUMMARY

Contaminated solid waste at munition factories is a serious problem since it contains 2 4,6-
trinitrotoluene (TNT), a nitroaromatic compound toxic to human health as well as to aquatic and
terrestrial life. Our objective was to determine if zero-valent iron (Fell) associated with H,0,
could be used to degrade 2 4,6- trinitrotoluene (TNT) in slurries of the solid waste and water. The
results show that sequential treatments of a TNT-contaminated solid waste (277 mg TNT kg”)
with Fell (1% wiw) within 6 hours followed by H,0, (0.5% v/v) within 8 hours completely
destroyed TNT and its highly toxic anilinic intermediates. The optimal performance of Fe’
powder was obtained when the reagent was added in four increments rather than in a single dose.
Our observations also indicate that ion CI' improved the performance of the reduction of TNT by

Fell.

I - GIOI THIEU

Cac loai chit né c6 nang lugng cao nhu
2,4,6-trinitrotoluen  (TNT), cyclotrimetylen-
trinitramin (RDX) goi chung la c4c nitro thom,
la nhitng chat doc va c6 kha nang giy ung thu
[4]. Day 1a nhiing chét duoc Co quan bao vé moi
truong My (US EPA) liét vao danh sich céc chat
0 nhiém hang diu. Viéc san xuat, tang trit va su
dung rong rai cdc chit trén gay tinh trang 0
nhiém khong khi, dat va nguén nuéc & nhi¢u noi
trén thé gidi [2, 3].

O Viet Nam cing v6i su phat trién cia
nganh cong nghiép quoc phong (CNQP) néi
chung va su phdt trién clia cdc co s&, nha may
san xuét, gia cong vat liéu nd néi riéng, nguy co
gay 0 nhiém moi trudng boi cdc loai chét thai
cong nghiép khac nhau trong d6 c6 cac hoa chat
c6 tinh né, chay ngay cang gia tang [1]. Trong
s0 cac chat nd cé doc tinh cao ké trén, 2,4.,6 -
trinitrotoluen 1a chdt c6 nguy co gay 6 nhiém
cao nhat do day la thanh phan chu yéu trong

nhiéu loai chit né dang dugc san xuat hién nay.
Nudc thai tir cdc co s& san xuit thudc phong
thudc né déu chita mot ham luong nao do6 céc
chat trén va la nguyén nhan gay 6 nhiém dat,
nguon nuGe ngam, anh hudng khong nhod dén su
song cua con ngudi va cdc sinh vat sinh séng
gan cdc coso trén [1].

Vén dé xlr 1y cdc chat thai chia thuoc
phéng, thudéc né dé giam thiéu 6 nhiém moi
truong tai cdc co s& cong nghiép qudc phong
méi dugc quan tam dén gan day va budc dau
quan tam dén xu 1y nude thai. Viéc xtt 1y chat
thai ran bi nhiém cdc hod chat c6 tinh nd, chdy
tir cdc nha may qudc phong hién nay chu yéu la
dung phuong phap dét [1]. Phuong phap nay doi
hoi chi phi cao va gay ra méi quan ngai vé 6
nhiém do khi sinh ra tir 10 dét [3]. Ngoai ra véi
doi tuong 1a thudc né thudc phéng thi phai tinh
dén céc yéu cau nghiém ngét vé tinh an toan clia
cong nghé nay. Chinh vi vay trong qu4 trinh tim
ki€m cdc cong nghé thich hop dé xir Iy chat thai
sinh hoat va loai chat thai rin vira nguy hiém
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vira doc hai nhu TNTP, nguoi ta rat chi y dén
cac giai phdp cong nghé gid thanh ha trong dé
c6 cdc giai phdp sur dung cdc ché phdm hod hoc,
sinh hoc v hod sinh dé vira khir tinh nd vira
phan huy dugc céc chat nd dén cdc san phim
khong doc hoac it doc hon vGi moi truong [2].

Trong bai bdo nay chdng t6i trinh bay két
qua nghién ctu phan huy TNT trong chat thai
ran tir cdc co s& cong nghiép quéc phong bing
phuong phédp héa hoc st dung sit héa tri khong
va tac nhan oxi héa H,0,.

I - THUC NGHIEM

1. Thiét bi va hoa chat

Pé phan tich ham luong TNT va cdc nhan
dang san phdm phan huy da st dung phuong
phdp Jenkin trén mdy quang phé k& UV-Vis
Carry 100 (USA_, phuong phidp 8330—EPA
trén mady HPLC 1050 HP véi detector UV, va
thiét bi LC—MSD-Trap-SL—Agilent (USA).
Hoa chat dugc st dung 1a cdc hda chat tinh khiét
phan tich: izobutylmetylxeton,
dicyclohexylamin, xetylpiridini, cdc dung moi
tinh khiét sac ky: axetonitrin, axeton, etanol cla
hang Merck (CHLB bic).

Céc hoa chét tinh khiét: NaOH, HCI, H,0,,
GC,H;OH, H,S0,, Fe bot (0,01 m* gam™), HNO,
cta Trung Quoc.

2. Phuong phap thuc nghiém

Doi tugng nghién citu 12 chat thai ran tai nha
mdy ZX thuoc Téng cuc Cong nghiép qudc
phong, gébm céc loai gié lau, bao bi, min cua,
réac, dat, catl! ¢6 chita TNT v6i ham lugng bang
277 mg kg

Chat thai ran (rdc va cdc loai bao bi) duoc
cat nhd véi kich thuée 0,3 — 0,5 cm, cho vao
thung, thém vao d6 khdi lugng nude ty 1é 1:1
(d dé duoc hén hop nhu vira). Khudy tron va
ngam hén hgp trong nuéc dé st dung cho
nghién ctu.

Nhitng lugng khidc nhau ctia bot Fe’ (5%,
2%, 1%, 0,50%, 0,10% so véi chat thai ran theo
khoi luong) dugc khudy tron trong cdc thuy tinh
v6i hon hop vita cta chat thai rdn & nhiét do
30°C. Lugng bot sat dugc dwa vao hdn hop theo
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1 liéu duy nhat hoac dugc chia thanh 4 liéu nhd
va dua vao hon hgp sau nhitng khoang thoi gian
1 gio. St dung dung dich HCI 1% va NaOH 1%
dé diéu chinh pH dung dich vé gia tri pH da
dinh.

H,0, v6i cidc ham lugng da dinh trudc dugc
dua vao hén hop sau nhiing khoang thoi gian
khéc nhau sau khi lugng bot st da duoc dua hét
vao hon hgp.

Dung phé LC/MS dé nhan dang cdc san
phdm duoc tién hanh truée khi cho H,0, va sau
khi két thic thi nghiém.

11 - KET QUA VA THAO LUAN

1. Anh huéng ctia pH

Két qua nghién ctru anh huéng cua pH dén
qud trinh khit TNT & 25°C duoc dua ra trén hinh
1. O pH > 7 hiéu qué khir rdt thap. Khi pH cang
nho hiéu qua cang cao va qud trinh khir xay ra
cang nhanh. Tuy nhién néu pH thap hon 3, su
oxi héa sat bdi axit xdy ra rat manh 1am giam
hiéu qua khit TNT doéng thoi lam tang nhanh
pH. Do d6 néu qua pH thap s€ gay ton hoa chit.
pH béang 4 va 5 cho hiéu qua xr Iy TNT kh4 tot
doi voi TNT.

C6 thé thay rd trén do thi, nong do TNT chi
giam manh trong khoang thoi gian dau phan tng
(trong 30 - 45 phit dau) sau d6 giam rat it, do
bé mat sat kim loai bi thu dong hda nén han ché
tdc dung ctia nd. Su thu dong hoa bé mat sat gay
ra do su tao thanh 16p oxit va do su hdp phu cta
céc san pham khir ctia TNT [2 - 4]. Mat khac,
theo thoi gian pH cua dung dich tang 1én do Fe
khtt H" trong dung dich. Viéc dua thém NaCl c6
thé phan nao khéic phuc hién tuong nay. Két qua
th nghiém tic dung cua NaCl (1% theo khoi
lugng) & pH = 5 duogc trinh bay trong hinh 2.

Trén hinh 2 ta thay viéc dua thém NaCl véi
luong 1% da lam tang hiéu suit qua trinh khi
lén ddng ké. Khi khong c6 NaCl, sau 4 gi nong
dd TNT chi giam xu6ng 3 lan so vGi ban dau,
con khi ¢6 thém NaCl nong do TNT giam xudng
6 1an. Ton CI hoat hda dugc bé mat sat kim loai
nén hiéu qua khir cao hon.
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Hinh 2: Anh hudng ctia ion CI trong hén hop
khir TNT béang Fe (1%) 6 pH =5

dung ty 1é bot sit cao trong thuc t€ s& gay lang
phi va 6 nhiém thit cdp do luong sat du va mat
my§ quan moi trudng do mau vang cua sat (I11).
Ty 1¢ bot sit cao cling sé lam cho pH ting 1én
nhanh chéng va do d6 lai lam giam hiéu suat
khir. Vi ty 1& 1% bot sat (dua vao 1 1an), ndng
do TNT s& giam chi con 1/3 sau 4 gid & pH béng
5.
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Hinh 3: Anh hudng ham luong bot sit khi khit TNT ~ Hinh 4: Hiéu qua khat TNT & pH = 5 tang khi
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Tuy nhién hiéu qua s& tang ding ké néu
luong bot sat khong dua vao mot 1an ngay tir
dau ma chia thanh lugng nho va dua vao hon
hop sau nhiing khoang thoi gian nhat dinh. Hinh
4 cho thdy véi cing mot luong bot sat 1a 1% so
v6i khoi lugng chat thai néu dua vao mot 1an thi
sau 240 phdt nong do TNT chi giam di 3 lan,
con néu lugng bot sit d6 duge chia thanh 4 phan

bot sat dugc dua vao thanh 4 1an

bing nhau va dua vao hdn hop & cac thoi diém t
= 0; 60; 120 va 180 phiit thi nong do TNT giam
20 lan sau 240 phit. Ham luong TNT ban dau
trong chat thai rin bing 277 mg.kg™, sau khi x{r
Iy nhu trén chi con 5 mgkg”, thip hon tiéu
chudn cho phép ctia TNT trong dit do US EPA
dua ra (17,2 mg.kg"' [2] ). Mot diéu cén luu y 1a
pH dung dich ting theo thoi gian, do vay dé
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ddm bao hiéu qua khir cao cin luon kiém tra va
diéu chinh pH vé gia tri t6i wu bang 5.

3. Anh huéng cia néng dé H,0,

Sau giai doan khir b&i Fe’, TNT bi chuyén
héa thanh cac hgp chit trung gian nhu ciac amin,
nitrozo, hydroxyl va cidc axit hitu coll Nhiing
chdt nay dé bi oxi hoéa tao ra cdc chit vo co
khong doc [2, 4, 5]. Qua trinh oxi hda nay cé
thé xdy ra nho tc nhan oxi héa nhu H,O,. Thoi
gian va hiéu sudt qua trinh oxi héa phu thudc
nhiéu vao néng do H,0,. Hinh 5 mo ta anh
hudng cua H,O, dén qué trinh phan hiy TNT.
Sat bot v6i ham lugng 1% vé khéi luong (duge
dua vao trong 1 liéu duy nhat) duoc khudy tron
v6i hdn hgp vita clia chét thai ran va nudc. Sau 3

H,0, hiéu sudt phan huy TNT cao hon. Nong do
H,0, cang cao thi hiéu qua phan hiy cang 16n.
Tuy nhién néu dung noéng do H,0, qud 16n gay
lang phi hoa chat. Ham lugng sét bot 12 1% theo
khéi luong va H,0, 0,5% theo thé tich ¢6 phan
hiy dugc 90% TNT ban dau sau 6 gid. Trong
khi d6 néu khong c6 H,0, thi véi ty 1é& bot sat
1% vé khéi lugng (duge dua vao trong 1 li€u
duy nhat) sau 6 gio ciing chi phan hiy dugc
70% TNT ban dau. Su ti€p tuc giam nong do
TNT khi dua thém H,O, vao 1a do qua trinh khu
TNT bing Fe” tao ra cic san phdm amin va
Fe(Il), viéc dua H,0O, vao s€ tao ra phan ung
Fenton oxi héa cdc san phdm amin h4p phu trén
bé mat sit 1am tang hiéu sudt phan dng khi
déng thoi chuyén cdc san phdm trung gian nay

gid H,0, duoc dua vio véi cac nong do: 0,25%; thanh cic chit vo co don gian [3].
0,5%; 1%; 2%; va 5% theo thé tich. Khi c6 mat
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Hinh 5: Anh hudng ctia néng do H,0,
(pH =5 va ty 1é bot sat 1a 1%)

4. Anh huéng cta nhiét do

Nhiét do c¢6 anh hudng 1o rét dén qua trinh
phan huy TNT bang phuong phdp héa hoc. Da
khao sat hiéu sudt phan huy TNT bang bot sat
kim loai 1% theo khdéi lugng va nong do H,O,
0,25% & hai nhiét do khac nhau 1a 26°C va 35°C.
Két qua cho thdy & nhiét do 35°C thoi gian ban
huy cta TNT chi bang mot nira so v6i & 26°C,
con sau 4 gio 6 35°C néng do TNT giam 15 lan
trong khi & 25°C thi chi giam 3,3 1an (hinh 6).
Diéu nay 1a do toc do khuéch tin tang va do tan
cao hon ciia TNT ciing nhu dong hoc phan tng
nhanh hon & nhiét d6 cao. Tuy nhién trong thuc
t€ viéc xtr 1y chat thai & nhiét do cao s& phiic tap
vé thiét bi va tiéu ton nang luong.
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Hinh 6: Anh hudng cta nhiét do
(pH = 5; ty 1é bot sat 1%)

5. Nhan dang san pham phan huy

Phé LC — MS clia miu sau khi khir bing
bot sit véi ty 1& 1% vé khoi luong (chia thanh 4
liéu nho) va NaCl 1% trong thoi gian 4 gid 6 pH
=5 dugc trinh bay trong hinh 7.

Trén pho d6 hinh 7 thdy ¢6 pic 16n nhat vé6i
thoi gian luu la 17,2 phidt. Phan tich pic nay
(hinh 8) thay d6 chu yéu la 1a cic manh ¢6 ty sO
m/z bing 180 (c6 thé 1a DNT — dinitrotoluen),
167 (DNB — dinitrobenzen) va mot s6 cac
manh khéac v6i ham luong thap hon.

Két qua phan tich trén chiing to rang trong
qua trinh khr bang bot sat, TNT trong chat thai
ran da bi chuyén héa dan thanh cdc san phdm
mono-, di-, va triaminotoluen. Cic san phéim



nay ciing cé doc tinh cao. Mac du cdc chat nay
dé bi phan hiy hon TNT trong moi trudong tu
nhién nhd céac vi sinh vat hi€u khi [2], nhung
mot phuong phdp xir 1y triét dé can phai dam
bdo dua tra lai moi trudng cdc san phdm khong

AT B. SigZ5A,4 =010, 7 QIQI %I ) mtl ﬁlml@l ﬁ\.f\l..f\'.f\l dutemtic Relerzns 7

doc hai. Vi vay quy trinh xr Iy 6 nhiém TNT
can phai ¢6 hai giai doan lién tiép: khir TNT
bang Fe’ va sau d6 oxi héa cdc san phdm khir
thanh nhitng chat khong doc.
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Hinh 7: Phé LC-MS clia céc san pham khir TNT bang bot sat (1%) & pH = 5 trong thoi gian 4 gio
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Hinh 8: Mot s6 san pham chinh sau khi khit TNT bing bot sat (1%)
& pH =5 sau thoi gian 4 gi¢ (thoi gian luu 17,2 phuit)

Sau khi khir bang bot sit (1%) & pH = 5 v6i thoi gian 4 gio hdn hop duoc oxi héa biang H,0,
0,25% trong 4 gio, dung dich chiét cuia mau dugc phan tich LC-MS, két qua dugc trinh bay trong

hinh 9 va 10.
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Hinh 9: Phé LC-MS cuia cdc san phdm khitr TNT béng bot sat (1%) ¢ pH = 5 v6i thoi gian 4 gio,
sau d6 hén hop duoc oxi hda bang H,0, 0,25% trong 4 gid

Phé LC-MS hinh 9 cho thdy chi ¢c6 mot pic
hap thu budc séng 254,4 nm xuat hién véi thoi
gian Iuu 1,8 phit. Pay 13 pho hdp thu cta céc
hgp chét hitu co c6 vong thom. Phan tich pic
nay (hinh 10) cho thiy xuét hién cdc manh véi

ty s6 m/z bang 160, 288, 414, 542, 668, 794 c6
quy luat 12 cdch déu nhau mot gid tri bang 126
— 128, ching to day la cic manh v3 cla
polyme ngung tu tir cdc amin thom, sidn phdm
ctia qud trinh khir TNT.
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Hinh 10: Céc san phdm khir TNT béng bot sat (1%) & pH = 5 véi thoi gian 4 gio,
sau d6 hon hgp duoc oxi hda bang H,0, 0,25% trong 4 gio

Hinh 11 1a phé LC-MS cta céc dung dich
sau khi khir bang Fe’ 1% (chia thanh 4 liéu nho)
va NaCl 1% trong 6 gid va oxi hoa bang H,0,
nong do 0,5% va thoi gian oxi hda 1a 8 gio. Trén
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phé d6 khong con thay céc san phdm c6 vong
thom nita chiing t6 cdc san phdm trung gian doc
hai da bi chuyén héa hét. Su hip thu séng UV &
thoi gian luu ti 2 dén 2,55 phit khong phai Ia




ctia hgp chat hitu co ¢6 n6i doi lien hgp ma chi
12 noi doi riéng 1€ cia mot mach céc bon nao d6
hoac cua lién ké&t C=0. Nhu vay véi thoi gian
khir bing Fe” 1% trong 6 gid va oxi héa bing

H,0,0,5% trong 8 gio, qua trinh phan hiy TNT
thanh cdc san phdm khong doc hai da duoc thuc
hién hoan toan.

D1 £, Sig=2544 Ret=360100 [VH 7 @ll QI [ I e hftl fmlmlml *A'AI"A*AI bulomatic Feferene = |
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Hinh 11: Phd LC-MS ctia c4c san phadm khit TNT bing Fe” 1% (w/w, chia thanh 4 liéu nho)
& pH = 5 vai thdi gian 6 gid, sau dé hdn hop duoc oxi héa bang H,0, 0,5% (v/v) trong 8 gid

IV - KET LUAN

TNT dé bi khir boi sat hoa tri khong trong
moi trudng axit tao thanh céc san pham hap phu
trén bé mat sat kim loai. Trong hon hop bun
nhdo TNT bi phan hily nhanh hon & nhiét do
35°C so v6i & 26°C. NaCl véi ham lugng 1% vé
khoi lugng c6 tic dung hoat héa bé mat sat va
lam tang rd rét hiéu sudt qud trinh khit TNT
bang Fe’. Viéc st dung Fe’ khirt TNT dé lam
gidm noéng do cha nd trong moi trudng xudng
du6i muc cho phép khong cé nghia la da giai
quyét dugc van dé 6 nhiém cua moi truodng vi
cdc san phdm khir ciia TNT vén con tinh doc.
Do vay sau khi khir TNT vé cdc san pham trung
gian kém bén hon cin phai oxi héa cdc san
phdm nay vé cdc chét vo co hoidc céc chat hitu
co khong doc hai. Tdc nhan oxi héa c6 thé Ia
H,0,. Theo cdc quan sat cta ching toi, & 25°C
chat thai ran c6 ham lugng TNT 277 mg.kg’
duoc xtt 1y trudc hét biang Fe ty 1& 1% vé khoi
lugng, duoc chia thanh bon liéu nhd, cdch nhau
1 gio 6 pH = 5 va NaCl 1% trong thoi gian 6
gi0, sau do oxi héa bang H,0, 0,5% trong 8 giv
dam bao khong con cdc san phdm c6 vong thom
va ¢6 thé dua trd lai moi truong.

Loi cam on: Tdc gid xin chdn thanh cam on cdc
dong nghiép tai Bo moén Héa-Hoc vién Ky thudt
qudn sy va Phdn vién Cong nghé moi va Bdo vé
moi truong-Trung tam KHKT & CNQS da nhiét
tinh giup do trong qud trinh nghién ctiu.
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