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In this study, to evaluate the concentrations and distribution
characteristics of 07 chlorobenzenes (CBzs), we analyzed 25 samples
including fly ash and bottom ash collected at 03 industrial production
furnaces and 04 waste incinerators, on gas chromatography-mass
spectrometry equipment. The average concentration of CBzs in
industrial furnaces is from 0.723 to 34.2 ng/g and waste incinerators are
0.745 to 35.4 ng/g. The percentage distribution of CBzs in fly ash tends
to be high with high chlorine compounds such as PeCB, HCB, TeCB,
in bottom ash, low chlorine compounds such as 1,3-DCB, 1,2 ,4-TCB
tends to account for a higher percentage. The study also correlates and
predicts the mechanism of formation or dechlorination of CBzs
compounds according to precursor formation and de novo mechanisms:
1,2/1,3-DCB — 1,2,4-TCB — 1,23,4-TeCB — PeCB — HCB.
Information from research results contributes to additional information
about unintentional emission sources, as well as the tendency to form in
waste incinerators and industrial furnaces

PAC TRUNG PHAN BO, MOI TUONG QUAN VA XU HUONG HINH THANH
CUA CAC HQP CHAT CHLOROBENZENS TRONG TRO THAI LO POT RAC
VA LO SAN XUAT CONG NGHIEP
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Trong nghién ciru nay, dé danh gia ham luong, dic trung phan bé cua
07 hop chat chlorobenzens (CBzs), chung toi da phan tich 25 mau bao
gom tro bay va tro day thu thap tai 03 1o san XUt cong nghiép va 04 1o
dbt rac thai, trén thiét bi sic ky khi khéi phd. Ham lugng trung binh cua
cac CBzs trong 10 san xuit cong nghiép tir 0,723 dén 34,2 ng/g va 10 ddt
réc thai 1a 0,745 dén 35,4 ng/g. Ty 1€ phan trim phan bd cua cac CBzs
trong tro bay xu huéng chiém ty 1& cao 1a cac hop chat clo cao nhu
PeCB, HCB, TeCB, trong tro day thi cac hop chat clo thap nhu 1,3-
DCB, 1,2,4-TCB lai c6 xu hudng chiém ty I& cao hon. Nghién ciru ciing
dua ra mdi twong quan va du doan sy hinh thanh hoic khir clo cua cac
hop chat CBzs do sy chuyén hoa cua cac hop chét hoic co ché de novo:
1,2/1,3-DCB — 1,2,4-TCB — 1,2,3,4-TeCB — PeCB — HCB. Thong
tin két qua nghién ctru gop phan bd sung vé ngudn phat thai khong chu
dinh, ciing nhu xu hudéng hinh thanh trong 16 d6t rac thai va 1o san xuat
cong nghigp.
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1. Giéi thigu

Céc dan xuét chlorobenzens (CBzs), tao thanh mot nhom 6n dinh, khong mau, hop chat c6
mui dé chiju. Nguyén ti clo c6 thé dugc thay thé cho cac nguyén tir hidro trén vong benzen, hinh
thanh muoi hai hop chat chlorobenzens khac nhau. S6 chat CBzs twong ung véi vai so nguyén tir
clo trong phan tu tir 1 dén 6 duqc chi ra trong hinh 1.

& O, G I O

1.3 — 1.2.4 - 1.2.3,4- 1.2.4.5- Pentachlorobenzen Iexachlorobenzen
1 clobenzen diclobenzen Triclobenzen Tetraclobenzen Tetraclobenzen
CoHLCl, CoHLCLy CoHLCly CGHLC1, CGHLCL,
(1.2-DCB) (1.3-DCB) (1.2.4-TCB) (1.2.3 4-TeCB) (1.2.4.5-TeCB) (PeCB) (HCB)

Hinh 1. Céng thirc cau tgo cia 7 hop chat chlorobenzen

Céc chlorobenzens dugc liét ké vao danh sach cac chat giy doc, mic do doc tinh ciia ching
tang dan theo sd nguyén tir clo gin trén vong benzen. Cac CBzs ¢6 thé hap thu vao con nguoi va
dong vat thong qua con dudng ti€u hoa, ho hap va qua da. Sau khi hép thu cac CBzs ton tai trong
mot thoi gian dai, chu yéu trong mé m& va v6i sO luong nho trong gan va cac co quan khac.
Pentachlorobenzens va hexachlorobenzens dugc phéan loai 1a chat giy ung thu c6 thé xay ra do
Co quan Béo vé Méi truong My. Do doc tinh cua mét sé chlorobenzens, nén ching dwoc xép
hang trong danh sach cta cac chat 6 nhidm can loai bo [1], [2].

Céc hoat dong ddt chat thai, qua trinh nhiét trong 16 cong nghiép luyén kim, san xuat gach,
san xuat xi mang (d6t hodc san xuat kim loai), cling nhu sy d6t chay tir ngudn chat thai nguy hai
(dic biét 1a nhitng ngudn lién quan dén clo) duoc coi 1a cac ngudn phat thai khong chu dinh (U-
POPs) tiém ning cac hop chat hiru co bén vimg. Qua trinh hinh thanh cac hop chat POPs khong
chu dinh trong céc 16 dbt thuong theo cac co ché sau [3] — [5]: Thir nhat: Sy pha hity khong hoan
toan cua Vit liéu duge dét nhung trong vat lidu nay da c6 sin CBzs; Thir hai: Hinh thanh do su
chuyén hoa ciia cac hop chét 1a tién chat caa CBzs; Thir ba: Hinh thanh & ving nhiét do thp tir
cac hat cacbon va cac hop chit chaa clo - tong hop de novo (de novo synthesis). Mirc d6 6 nhiém
va phat thai cua CBzs trong cac mau tro bay va tro dy cta 10 d6t rac va cac 1o dét cong nghiép
cling da dugc danh gia trong mot s6 nghién ctru trudc cua tac gia. Tuy nhién, két qua méi chi tap
trung phan tich cha yéu hai chi tiéu PeCBz, HCB nam 2016 [6] va phan tich thém 7 hop chat
CBzs trong nhom chlorobenzens [6] — [8]. M6t s6 nghién ctru khac tai Trung Qudc ciing chi tap
trung chu yéu vao hai dong loai PeCBz, HCB trong ddi twong khi thai, tro thai 10 dét [9] — [11].
Nhu vay, bo s6 liéu dua ra chua thé phan anh hét duoc xu hudng phan bd, tich lity va dac biét
chua dua ra duoc co ché chuyén ddi de novo cta cac hop chat CBzs trong céc loai 1o dbt nganh
san xuét cong nghiép (luyén kim, gach) va rac thai (rdc sinh hoat, y té). Vi vay, d6i véi nghién
clru ndy, ham luong cua cac CBzs duoc phan tich dong thoi trong cac mau tro bay, tro ddy trong
16 d6t cac nganh san xuét cong nghiép, va dbt rac thai tai mot sb tinh thuoc mién bic Viet Nam.
Két qua phan tich s& cung cap nhiing thong tin cap nhat vé mic d 6 nhiém, dic trung phan bd va
xu hudng hinh thanh de novo cac hop chét clo cao nhu: PeCB, HCB (gidng dioxin) tir cac hop
chat clo thap.

2. Phwong phap nghién ciru

M3u 16 san xuét céng nghiép duoc thu thap tai cic nha may thudc tinh Thai Nguyén gdom 10
mau, duoc liy vao thang 03/2014: 01 nha may luyén k&m oxit (CN1-CN3); 01 nha may luyén
dic gang (CN4-CN6); 01 nha may luyén kim (C7-CN9), 01 nha may gach tuynel (CN11). Mau
tro bay dwoc thu thap tir thang 03 dén thang 05/2017 tai mot s tinh gdm: Hai Phong (10 dot réc y
té: SH1-SH10, 16 dot rac sinh hoat: SH11-SH16), 10 dbt rac sinh hoat tai Ha Noi (SH17); Thai
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Nguyén (1o ddt rac sinh hoat mau tir SH18-SH21); Hai Dwong (1o ddt rac cong nghiép, mau tir
SH22-SH25). So d Vi tri mau du’oC thé hién trong hinh 2.

Mién Bic Viét Nam | = l ‘ €L O san xuit cong

o nghiép

©O 16 san ast rac thai
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Thai Nguyen

Phu Tho

Hinh 2. So dé |dy mau nghién ciru

Cac mau tro bay va tro day sau khi thu thap duoc bao quan trong ti lanh sau & nhiét do -20
°C. Truéc khi xir Iy, mau dugc 1am kho dén khoi luong khong ddi & nhiét ¢o phong. Khoang 10 g
mau khé (£ 0,01 mg) dugc can chinh x4ac cho vao trong binh nén 250 mL, tron déu vai 10 g
Na,SO, khan, thém 10 pL chudn déng hanh CB 209 (deca-clobiphenyl) nong d6 10 ng/g cho tinh
toan hiéu suit thu hdi. Thém 60 mL hé dung méi hexan: aceton (1:1, v/v), nat kin, l4c trén may
lic rung co hoc, thoi gian lac chiét 12 - 15 gid va toe do lac 150 vong/phat. Dich chiét sau khi
duoc loc gan qua phéu c6 chira 2 g Na,SO, dé loai nudc vao binh qua 1€ 250 mL, dugc chuyén
sang ¢ cat quay tai diéu kién: Nhiét do t° = 40°C trong suét qua trinh cét quay; Ap sut P = 700
mbar - 350 mbar; Tdc d6 quay V = 30 vong/phiit. Dung dich chiét tlep tuc duoc 1am sach bang
axit H,S0, 44% va bot dong, cot silicagel da 16p. Rira giai cac CBzs bang dung méi diclometan-
heaxan (1:3 v/v). Dich chiét sau d6 dugc co quay chan khong dén thé tich tir 3-5 mL, sau d6 dugc
lam giau bing phwong phap c¢6 dudi nito v& 05 - 1 mL. Chat ndi chuin PeCNB
(Pentaclonitrobenzen) nong d6 10 ng/g dwoc thém vao va dinh mie dén 1 mL bang hecxan. Cac
CBzs duoc phan tich dinh lwong bing may sic ky khi khéi phé (GC 6890N MS 5973N; Cong
nghé Agilent) va DB-5 c6t mao quan silica nung chay (30 m x 0,25 mm x 0,25 um; Agilent
Technologies), tai Vién Cong nghé Moi truong - Vién Han lam Khoa hoc va Cong nghé Viét
Nam. Chuong trinh nhiét d¢ 10 cdt dugc cai dat nhu sau: nhiét d¢ ban dau 50°C, tang lén dén 120
°C (7 °C/phtt, giit 2 phit) va ting dan 1én 280 °C (10°C/phit, giit 5 phit). Gi6i han phat hién cua
cac CBzs 1a 0,05 ng/g; gidi han dinh lugng 12 0,1 ng/g.

3. Két qua va ban luin
3.1. Xu hwéng phin bé cic CBzs trong tro bay

Ham luong va ty 18 % phan bd cua cac CBzs trong tro bay dugc danh gia vai hai loai 10 dét:
10 san xuat cong nghiép (luyén kim, san xuat gach) va 1o ddt rac thai (sinh hoat, y té va cong
nghiép). Két qua phan tich dugc dwa ra trong hinh 3 va bang 1. Két qua cho thiy, trong cac 10 dbt
san xuét céng nghiép ham luong trung binh cua cac CBzs la 1,46 — 34,2 ng/g. Ty 1€ phan trim
phan bé trung binh ctia cac hop chat 1,2,4 -TCB cao nhét véi 45,2% (dao dong: 2,5-60%); tiép
theo 1a HCB vdi ty 1€ % la 20% (dao dong: 1,5-20%); 1,2,3,4-TeCB la 16,1% (dao dong: 0-35%).
Céc hop chét con lai chiém ty Ié kha thap 1a 2%; 3,2%; 4,3% va 9,1% twong tng véi PeCB, 1,2-
DCB, 1,2,4,5-TeCB, va 1,3-DCB. Diéu nay c6 thé li giai trén mot s6 co so sau: (1) 1,3 - DCB 1a
chat dé bay hoi voi diém soi thap, dé dang thoat ra khoi cac hat tro con lai trong ving nhiét do
cao cua khoang 10. (2) Trong qua trinh luyén gang, thép su c6 mat cua cac kim loai, oxit kim loai
(Fe, Cu, FeO, Fe,03, CuO...) dong vai trdo nhu chit xuc tac trong qua trinh khir clo cua cac hop
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chiat CBz ¢6 clo cao nhu HCB, PeCB tao thanh cac CBzs co clo théip hon 1a 1,2,4,5/1,2,3,4 -
TeCB va 1,2,4 — TCB chiém luong Ién; (3) Qua trinh khir clo cua 1,2,4 — TCB ciing tao thanh
san pham chinh 1a 1,3 — DCB, diéu nay ciing c6 thé li giai vi sao ham lugng cua 1,2,4-TCB cao.
Muc do tich lity ctia cac ddng loai CBzs trong nghién ciru nay twong ddi phui hop véi cac nghién
ctru trong ty dugce dua ra ciia nhom tac gia Ma va cong su [12], Li va cong su [13].

Bang 1. Ham heong Ciia cdc CBzs trong tro thdi I6 San Xudt cong nghiép va dot réc thai

Ham lwgng cac CBzs trong tro thii (ng/g)

1,2-DCB 1,3-DCB 1,24-TCB 1,245-TeCB 1,2,34-TeCB PeCB HCB
Lo dét rdc thai
Tro bay
Trung binh 0,745 1,03 0,883 1,71 1,01 6,59 1,58
Min <LOD <LOD <LOD <LOD <LOD 0,140 <LOD
Max 2,21 8,23 3,66 3,80 2,88 23,7 6,83
SD 0,532 1,85 0,839 1,26 0,917 6,79 1,68
Tro day
Trung binh 10,5 35,4 6,56 19,1 6,09 7,52 6,99
min <LOD <LOD <LOD <LOD 0,280 <LOD 0,121
max 29,5 356 18,5 281 22,4 35,6 21,9
SD 10,5 83,2 6,99 65,4 7,34 13,0 7,95
Lé sdn xudt cong nghi¢p
Tro bay
Trung binh 2,38 6,89 34,0 3,28 12,1 1,46 15,2
Min <LOD <LOD 0,614 <LOD <LOD <LOD 0,31
Max 16,7 25,8 138,0 13,9 48,4 3,6 37,6
sSD 5,44 9,06 44,04 4,53 15,8 1,54 13,4
Tro day
Trung binh 0,723 11,0 6,74 0,917 9,88 0,030 6,02
Min <LOD 0,410 0,330 <LOD 0,176 0,000 0,120
max 1,83 44,3 22,8 2,47 45,8 0,051 24,7
SD 0,968 18,7 9,66 1,02 20,1 0,028 10,6

Trong tro bay 1o d6t réc thai, ham luong PeCB khé cao, trung binh 6,59 ng/g (dao dong tir
0,140 dén 23,7 ng/g); ham lugng trung binh cua 1,2-DCB; 1,3-DCB; 1,2,4-TCB; 1,2,4,5-TeCB,;
1,2,3,4-TeCB va HCB tuong tng 1a 0,754 ng/g; 1,03 ng/g; 0,883 ng/g; 1,71 ng/g; 1,00 ng/g; va

1,58 ng/g.

Tro bay 16 san xuat cong nghiép

0_ 60 80 100
V18 %
[JHCBTT PeCB[_]1:234TeCB[] 1.24 5TeCB] 1.24TCH 7] 1.30CB—] 1.20CB
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Hinh 3. Ty 1¢ % phdn bé Ciia cdc CBzs trong tro bay 10 san Xudt cong nghiép va dot rac thai
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Mic dui ham lugng PeCB trong tro bay 10 d6t rac cao hon so vé6i cac hop chét con lai. So véi
ham luong cta cac CBzs trong tro bay 10 d6t rac cong nghiép thi sy khac biét khong dang ké (Mann
whitney test, p > 0,05). Tuy nhién, xu huéng phan bd cua ting hop chat CBzs so véi ham luong
CBz tong trong tro bay cua 10 dbt rac lai co sy thay ddi, theo thir tu: PeCB (38,9%) > 1,2,4,5-TeCB
(14,8%) > HCB (11%) ~ 1,2-DCB (10%) > 1,3-DCB (8,7%) ~ 1,2,4-TCB (8,6%) ~ 1,2,3,4 (8,0 %).
Su khac biét vé mue do tich lity ctia CBzs trong 10 dt réc so voi 10 luyén kim va gach c6 thé 1i gii
do ngudn nguyén liéu dau vao khac nhau kha 16n. Dac biét dbi vai 16 dot rac, ngudn nguyén lidu rac
khong dugc phén loai, bao gom rat nhiéu thanh phan rac véi cac chét liéu khac nhau (nhya, kim
loai, chat hiru co, clo...). Do viy, co ché hinh thanh cac hop chit CBzs ciing ¢ su khac biét [14].
Ham luong cac CBzs trong tro bay nghién ciru nay twong ty nhu thu dugc tir 10 d6t rac thai rin
(tdng ndng do trung binh CBzs 16,6 ng/g) clia tac gia Zang va cong su [11].

3.2. Xu hwéng phin bé ciia cdc CBzs trong tro ddy

Tuong ty nhu tro bay, ham luong cua cic CBzs ciing dugc phan tich trong 10 ddt san xuét
cong nghiép va 16 d6t rac thai. Két qua chi ra trong bang 1 cho thay ham luong trung binh cua cac
CBzs trong 10 san xuét cong nghiép dao dong tir 0,03 dén 11,0 ng/g. Trong dé hop chét 1,3-DCB
cao nhit 1a 11 ng/g (dao dong tir 0,410 — 44,3 ng/g); ham lugng cua PeCB duoc tim thiy thip
nhét trong 7 hop chat CBzs phan tich, dao dong tir < LOD dén 0,03 ng/g. Tur hinh 4 cho thay,
khac véi tro bay, ty 18 phan b cua cac CBzs trong tro day 10 san xuit cong nghiép theo thir ty:
1,3-DCB (36,3%) > 1,2,4-TCB ~ 1,2,3,4-TeCB (17%) > HCB (14%) > 1,2-DCB ~ 1,2,4,5 -TeCB
(7%) > PeCB (0,7%). Ti Ié phan tram tich lity cic dong loai CBzs trong 10 xi mang & Trung Qudc
(2016) kha gidng 10 ddt rac trong nghién ciru ndy, chiém ti Ié cao déu 1a 1,3 -DCB; 1,2,4-TCB va
HCB, con 1,2,4,5 — TeCB va PeCB lai chiém ti I¢ kha thap [15].

BA, Lo san xuat cong nghiép BA, 16 dét rac thai
, SH25 TR e
/ 1/ / 7 3 SH24 10% | 5%
CN11 o 7)/80% 7 20% ;IMO/.OH SH23 ——— L
e A e SH22 0% (W | SR ANk
/ P SH21 50%.
CN4 29% . 2 10% Htﬂm SH20 0%
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ons e —
—— SHIS o' a8% .,
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Hinh 4. Ty |é % phdn b6 ciia cic CBzs trong tro ddy 16 san Xudt cong nghiép va dot rdc thdi

D6i vai cac 10 ddt rac thai, cac hop chat CBzs ciing dugc tim thdy trong hau hét cac mau. Ham
luong trung binh ciia cac CBzs dao dong tir 6,09 dén 35,4 ng/g. Ham lugng trung binh dugc tim
thiy cao nhit van 1a 1,3-DCB, tiép theo 1a 1,2,4,5-TeCB (19,1 ng/g), cic hop chit con lai c6 do
chénh 1éch khong dang ké. Xu hudng phan bd (%) cua cac CBzs trong tro day cua cac 1o ddt rac
thai dugc thé hién trong hinh 3, véi thu tu 1a: 1,3-DCB (27%) ~ 1,2-DCB (21%) > 1,2,4-TCB
(11%) ~ 1,2,3,4-TeCB (10,6%) ~ 1,2,4,5-TeCB (9,8%) ~ PeCB (11%) ~ HCB (10%). Nhu vay,
c6 thé thay S0 Véi cac 10 san xuat cong nghiép thi xu hudng phan bd khong qua khac biét. Trong
cac mau tro ddy, do chiu tic dong cta nhiét do cao trong 16 nung (> 1000 ° C), sy c6 mit cua cac
chat xuc tac trong nguyén lidu ddu vao ctia nha may luyén kim, gach tuynel, 1o dét réc thai dan
dén qua trinh khtr clo cia cac CBzs c6 clo cao nhu HCB, PeCB tao thanh san phiam clo thap.
Diéu nay ciing giai thich vi sao PeCB, HCB chiém ty I¢ thap hon [16].

http://jst.tnu.edu.vn 432 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(10): 428 - 435

3.3. Méi twong quan va co ché hinh thanh cdc hop chit chlorobenzens tir qud trinh dét chdy

Trong céac 10 ddt, nhiéu qua trinh d6t chay xay ra nhu phan hay nhiét va oxy hoa. Vi vay, cac
hop chat hitu co khong chi tao ra cac san pham CO,, CO, H,O ma con tao ra mot luong lén cac
san pham hitu co trung gian. Nhiéu hop chat hoa hoc bén viing vin khong bi pha hity hoan toan
trong qua trinh d6t chay & khoang > 1000 °C. Mot s6 hop chat hitu co duoc tao ra trong nhiéu
phan ung phu va giai phong ra khu vue chay va bén ngoai 10 a6t [17]. Trong nghién clru nay,
chung ti quan tdm dén qua trinh hinh thanh cac CBzs theo 2 co ché: chuyén hoa cac chit va co
ché de novo. Bé dy doan dugc qua trinh hinh thanh cua cac hop chat CBzs trong 1o dét, dya trén
cac s6 lidu do duoc, sir dung phan mém Origin 2021 (Correlation, Peason, P < 0,05) dé dua ra
dugc méi tuong quan giita cac hop chat. Két qua phan tich dugc thé hién trong hinh 5.

Trong tro bay céc 10 san xuat cong nghiép, chung toi tim thdy méi tuong quan khé cao giira
cac hop chat 1,3-DCB, 1,2,4-TCB va 1,2,3,4 -TeCB. Tuy nhién khong c¢6 moi twong quan voi cac
hop chat PeCB, HCB Véi cac hop Chat clo thap. Trong qua trinh dbt chay cua 1o ddt, sy c6 mat
cua clo dong vai trd quan trong trong viéc tao thanh cac hop chét hiru co clo. Clo thuong ton tai ¢
dang clorua trong tro bui (50-60%), mot phan trong xi va than tro. Phan con lai cua clo duoc giai
phong vao moi truong nhu khi thai cua hydro clorua (HCI), trong khi chi c6 mét luong nho dugc
phat hanh duéi hinh thtic clo phan tir (Cly). Trong khi thai, bén ngoai ving d6t, hydro clorua c6
thé trai qua mot phan hiy xuc tac theo phuong trinh phan ng sau [18]:

4HCI+OZ—;ZCI2+2H20

i , xuc tic—Cu,Fe,A
Su hinh thanh cac hop chat cé thé du doan nhu sau:

13—DCB 725 124 — TcB =22 1,2,3,4 — TeCB. Didu nay kha phi hop véi thuc té
khi ty 1€ cua cac hop chat nay kha cao so véi cac hop chit CBzs con lai. Co ché nay twong tu nhu
co ché duoc dua trong nghién ctu cua Yang-Shih [18].

Trong tro bay 16 ddt rac thai, mbi twong quan kha cao giita cac cap 1,3-DCB/1,2,4-TCB;
1,2,3,4-TeCB/PeCB; 1,2,4,5-TeCB/PeCB; 1,2,3,4-TeCB/HCB dugc tim thdy, cip 1,2,4-
TCB/1,2,3,4-TeCB méi tuong quan trung binh (hinh 3). Tir 46, ¢6 thé dy doan duoc co ché hinh
thanh cac hop chat CBzs nhu sau:

p=0,84 p=0,74 p=0,66 p=0,38
1,3—-DCB — 1,24 —-TCB — 1,2,3,4—TeCB —— PeCB —— HCB

Nhu vay, c6 thé thdy, méi twong quan ciia cac CBzs trong 16 d6t rac thai hinh thanh diy du 07
dong phan, tir cac clo thap 1,3-DCB dén cac CBzs c6 clo cao PeCB HCB. Co ché nay ciing da
dugc ching minh trong nghién ciru cua tac gia Yang-Shih [48], mic du méi twong quan ctia cap
PeCB/HCB ¢ muc thip. Su hinh thanh ciia cac CBzs trong tro bay 16 ddt rac co thé theo co ché
de novo, hinh thanh & nhiét d¢ thap cia 16 dbt rac thai, lién quan dén do am cia rac. Cac tac gia
Huang va Buekens da mo ta ddy 1a qua trinh phan nho va bién ddi ciia cac hop chat co chira cac
nguyén tir cacbon sang cic hop chit dang mach vong. Qua trinh ndy thudng xay ra trong ving
nhiét do tir 250 — 400 °C [3], [14]. Phan tng téng hop duoc hinh thanh tir cic nguyén tir cacbon
c6 trong tro bay. Cac ion kim loai nhu Cu anh hudéng manh dén su hinh thanh cac hop chét hiru
co clo bén vimg, cac kim loai nhu Fe, Pb ¢6 muc anh huéng nho hon. Ngoai ra, sy c6 mét cua
oxy cling la yeu t6 quyét dinh dén sy hinh thanh cta cac hop chat POPs theo co ché de novo va ty
1¢ tang theo nong do cua oxy. Cac dang khi c6 chira clo nhu HCI, Cl; 1a mot phan khong thé thiéu
va anh huong dang ké dén phan tng de novo [14]. Piéu d6, dan dén sy hinh thanh day di cac
ddng phan hon so véi 10 san xut cong nghiép.

Tuong ty nhu trong tro bay 10 san XUat cong nghiép, mdi twong quan cua cac CBzs khong
thay doi. Ket qua trong hinh 5 cho thay, cac cap 1,3-DCB/1,2,4-TCB; 1,2,4-TCB/1,2,3,4-TeCB
van c6 mdi twong quan rat cao (0,94).

Trong tro day 10 ddt rac thai, chung t6i ciing tim thdy méi twong quan di véi ca 07 ddng phan
CBzs. Mdi tuong quan tuong tu nhu trong tro bay, xu huéng hinh thanh c¢6 thé cua cac CBzs nhu

p=0,43 p=0,76 p=0,98 p=0,61
sau:1,2—-DCB —— 1,24 —-TCB — 1,2,3,4 —TeCB —— PeCB —— HCB.
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Tuy nhién, c6 sy khac biét ¢ day la sy hinh thanh tir 1,2-DCB, mat khac so voi tro bay thi hé
SO tuong quan cua cac cap déu rat cao. Piéu nay co6 thé lién quan dén qua trinh 0 nhiét cla cac
mau tro day trong thoi gian dai trude khi dugc lay ra khoi 1o dot.

1.2.DCB FA, 16 san xuit céng nghiép -
1.20CcB FA, 16 dét rac thai
1.20c8B| 1.0 1.3.DCB 1.0
1.2DCB > 1.3D0CB
1.3.DCB i 1.0 1.2.4.TCB e -
L 1.3DCB o218 o 1.2.4aTCB
1.24.7CB B < .2.4.5- = -
0.31 ’ 1.01.2.4.5 TeCB vt zares | 0067 ’ 1.9, ) 4 srece
1.2457TeCB | 030 011  0.032 1.01.2.3.4TeCB 00 4 aasTeck | -0-090 -0.073 0.20 P s
1.2.3.4.TeCB | .0.25 ’ % 0071 1.0  PeCB 1.2.3.4Tecp | 014 | 04 ’ 197 pece
PeCB | 019 -0.041 0.023 4051 -0054 1.0 HCB s pecp | 016 -0.16 0.20 ’ ’ s
e S - ono
HCB @) -0.12  0.027 ‘ 014 045, 1.0 HeB ’ y 0.52 ' 1.0
1.2.DcB BA, 16 san xuéat céng nghiép 1.2.0cB BA, Lo abt rac thai
1.2.0cB| 10 1.3.0cB 12.0cB| 10 1.3DCB
13.0ce (038, 1.0 1.24.7cB 0w 1.3.0CB | 021 1.0 1.2.4.TCB
1.2.4.7cB | 0.21 / 1.0 1.2.4.5.TeCB 1.24.7CB | [0.43 022  1.01.2.4.5-TeCB
1.2.4.5-TeCB 0.35 0.28 w 1.0 1.2.3.4.TeCB 00 1.2.4.5.TeCB | .0.25 0.15 0.26 1.01.2.3.4.TeCB
1.2.3.4.TeCB -0.40 )ﬁ( / 10 PeCcB 1.2.3.4-TeCB 0.14 -0.096 ’ -0.078 1.0 PeCB
Peca ’ ‘ ‘ ‘ 10 HCB PeCB | 0.058 013 ’ -0.047 % 1.0 | HCB
Hee 0.31 / 0.020 029 1.0 el Hew | 045 027 A8 52 L6 ﬁ 1.0
10 _ L_ __

Hinh 5. Pdnh gid moi twong quan ciia 07 CBzs trong cdc logi l6 dot

Ngoai qua trinh hinh thanh trong 16 dét, thi cac hop chiat nhu HCB, PeCB ciing bi khir clo.
M6t s6 nghién ciru khac da chi ra trong qua trinh ddt chay, PeCB kém bén hon so véi HCB, su
suy thoai cia PeCB bit dau tir 600 °C tao ra san pham chinh 1a HCB, trong khi HCB kho bi phan
hity trong khoang 600 - 800 °C, ¢ 1000 °C HCB bit dau phan hay nhung khong hoan toan [17].
Céc chlorobenzens cé sb nguyén tir clo cao nhu HCB va PeCB thuong bi phan hiy thanh cac
chlorobenzens c6 sé nguyén tir clo thiap hon. Sy c6 mit caa cac kim loai, oxit kim loai khac nhau
trong qua trinh dt chdy s& tao thanh cac dong phan CBzs khac nhau. Piéu nay da dugc nghién
ctru boi nhém tac gia Yang — Shih va cong sy, 2012, khi c6 mit cia chat xuc tac nhu Fe, Pb thi
san phim chinh ctia qué trinh phan huy HCB 1a 1,2,3,4-TeCB; 1,2,3,5-TeCB va 1,2,4-TCB [18].
Bén canh dé, nhom tac gia Aittola va cong su, 1996 [19], ciing da dua ra két qua nghién ciru vé
qué trinh khir cia HCB khi c6 mit caa chat xtc tac CuO, thi qua trinh phan hiy HCB tao ra
76,1% cac ddng loai DCB, MCB trong d6 1,3-DCB chiém dén 40% va 1,2-DCB chi chiém 7,7%.
Diéu nay c6 thé giai thich vi sao ham luong cua 1,2-DCB, PeCB trong cac mau kha thap, trong
khi 1,2,4-TCB, 1,2,3,4- TeCB va HCB thuong cao hon.

4. Két luan

Ham luong, ddc trung phan bd ciia 07 CBzs di dugc danh gia trong hai loai 1o dbt: san xuat
cong nghiép va rac thai. Him luong cta cac CBzs trong 10 san xuat cong nghiép 1a 0,723 dén
34,2 nglg va 1o ddt rac thai 1a 0,745 dén 35,4 ng/g. Xu hudng phan b cia cac dong phan trong
tro bay chiém ty I chinh 1a cac hop chét clo cao nhu PeCB (38,9%) trong 10 d6t rac thai, HCB
(20%) trong 16 cong nghiép, va TeCB (14-16%). Trong khi ¢ tro ddy la cac hop chit clo thap nhu
1,3-DCB (27-36,3%), 1,2-DCB (21%) trong 10 dbt rac thai. Su khac biét gitra tro bay va tro day
c6 thé lién quan dén co ché hinh thanh, nhiét d6 16 dét ciing nhu ngudn nguyén li¢u dau vao cua
tung loai 16 d6t. Méi twong quan giira 07 CBzs ciing duoc danh gia cho thiy, mirc d6 twong quan
va xu hudéng hinh thanh trong 10 cong nghiép 1a tr 1,3 — DCB, 1,2,4-TCB va 1,2,3,4-TeCB.
Trong céac 16 dbt rac thai xu huéng hinh thanh ddy da ca 07 hop chit CBzs, tir 12/1,3-DCB dén
PeCB va HCB. Két qua nghién ciru nay ciing khang dinh su ¢ mit cua cac hop chat hiru co kho
phan hiy, phat thai khong chu dinh trong cac 10 dot. Ty Ié phan b ciing nhu xu huéng hinh
thanh gép phan kiém soat cac diéu kién dét, cling nhu hé théng xtr 1y tai cic nha may san xuat
cong nghiép ciing nhu cac 16 ddt rac thai.
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