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Abstract

In this study, two types of commercial catalysts Pd/C* and Pt/C* with different metal concentrations were
investigated for their catalytic activities in the hydrodechlorination (HDC) of 2,3,7,8-p-dioxin-Tetrachlorodibenzo-p-
dioxin (2,3,7,8-TCDD) in liquid phase. Products of the reaction were determined by gas chromatography mass
spectrometry (GC-MS). The results showed that, Pt was not able to promote the reaction. Meanwhile Pd revealed good
catalytic activity with over 99 % of 2,3,7,8-TCDD was dechlorinated. The final product of the process was only DD, an
expected chlorine-free hydrocarbon at much lower toxicity compared to the raw material 2,3,7,8-TCDD.
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1. MO PAU

Dioxin va furan 14 cac hoa chat doc nhat dugc
biét dén hién nay. Chung ld san phim phu coa
nhidu qua trinh san xuét cong nghiép ||en quan
dén clo nhu: caclo ddt chat tha1 san xuit hoa
chat thUOc trir sdu va day chuyén tiy tring trong san
xuit gidy, ... Mot sb khu vuc bi 6 nhiém nang
dioxin va furan trén thé gidi dién hinh 13 Thi trin
Seveso - Y; Khu cong nghiép Obaka, Tvaran,
Gimonas - Thuy dién; Tiéu bang Missouri, Montana
Pole, Kent, Wide Beach My va Viét Nam [16].

Ngay nay, co6 rat nhiéu cong trinh nghién ctru xtr
ly dioxin va furan bang cac phuwong phap vit 1y, hoa
hoc va sinh hoc khac nhau. Nhitng nghién ciu dé
con ton tai nhuge diém 16n 1a chua loai bo triét dé
doc tinh cua ching [3, 15, 16]. Gan day, phuong
phap nghién ciru xir 1y cac hgp chit nay bang phan
ung hydrodeclo hoa (HDC) str dung xuc tac kim loai
quy dang 13 huéng duoc nhidu nha khoa hoc trén thé
gidi quan tdm nghién cuu.

Trong cac dang dong phan cta dioxin va furan
thi  2,3,7,8-tetrachlorodibenzo-p-dioxin ~ (2,3,7,8-
TCDD) 1a dang ddng phan doc nhét [12, 15, 16].
Biang phan tmg khir HDC, cac nguyén tir clo dinh
vao goc dibenzo-p-dioxin (DD) s& bi khir dan va
thay thé vao vi tri ctia chung 1a cac nguyén tir hydro
dé tao thanh san pham cudi cuing 1 dibenzo-p-dioxin

(DD), hau nhu khéng doc hai voi méi truong va con
Pd/C, H,

nguoi [1, 11].
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Hinh 1: San pham cua phéan Gng khir 2,3,7,8-TCDD

Trén thé gidi, phan ung HDC ciing di duoc
nghién ciru thir nghiém dé xir Iy nhiéu loai hop chat
clo hitu co ho dioxin. Két qua cho thiy: 99 %
octachlorodibenzofuran dwoc chuyén hoa [1], 2,7
diclorodibenzodioxin ciing dugc chuyén hoa dén 98
% [10]; con qua trinh xir 1y dioxin va furan trén xdc
tac Pd/C* va Pt/C* trong dung mdi iso-octane va
mbi trudng khi hydro cho phép dat do chuyén hoa
trén 95 % [4].

Trong nude, mot s cong trinh nghién ctru vé
qué trinh HDC xtr 1y cac hop chit hitu co chira clo
ciing da cho két qua rat kha quan [13, 14]. Tuy
nhién, cac nghién ciru d6 mai chi dugc thuc hién
trén cac hop chét clo hiru co c¢6 cdu trac don gian va
dé khir hon dioxin nhu tetracloroetylen, hay
clorobenzen.

Do @6, nghién ctru nay s€ thuc hién thtr nghiém
xt 1y dioxin, loai c6 doc tinh 16n nhét 1a 2,3,7,8-
TCDD, theo phuong phap HDC trén 2 loai xuc tac la
Pt/C* va Pd/C*.
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2. THUC NGHIEM

2.1. Héa chat

Héa chat sir dung cho phan ung HDC: 2,3,7,8-
TCDD c6 d6 tinh khiét 99,5 % ctia Sigma-Aldrich —
My; xuc t&c Pd/C* va Pt/C* vai cac ham lugng Kim
loai thay déi (2, 5 va 10 % kl) ciia Sigma-Aldrich —
My; toluene, iso-propanol, etanol, natrihydroxit, axit
clohydric ctia Merck — Puic; khi hydro (tinh khiét
99,999%) do Air liquide — Viét Nam cung cép.

Héa chat phuc vu phan tich dinh lwong dioxin:
cot silicagel da 16p; cot than 2 16p; chat noi chuén
BC ciia Supellco — My.

2.2. Panh gia dic trung xuc tac

Dién tich bé mit riéng theo BET va phan bd mao
quan cua vat liéu dugc phén tich bang phuong phap
hép phu va nha hap phu vat Iy N, tai 77 K trén thiét
bi ASAP 2010 Micromeritics, My. P phan tan Pd
va Pt kim loai trén chat mang C* dugc xéac dinh b?mg
phuong phap hdp phu xung CO trén thiét bi
Autochem Il 2920 Micromeritics, My. Kha nang
phan tan cac kim loai trong xtc tac dugc quan sat
bang kinh hién vi dién tir truyén qua TEM trén thiét
bi Hitachi, Nhat Ban.

2.3. Phin ting HDC 2,3,7,8-TCDD

Phan ung HDC dugc thuc hién trong pha 1dng
tai ap suat thuong. Trudc phan tng, xUc tac (Pd/C*
va Pt/C*) dugc hoat hoa trong dong 10 %H,/Ar vdi
tbc d6 50 ml/phit ¢ nhiét d6 200 °C trong 30 phut,
sau d6 mau duoc 1am ngudi vé nhiét dé phong trong
dong khi tro N, véi tde do 50 ml/phuit.

Phan Gng dugc thyc hién nhu sau: Cho 50 ml
chit phan tmg 2,3,7,8-TCDD véi nong d6 50.000
ng/l pha trong dung méi etanol:nudc (ty 1€ 1:4 v/v)
vao binh phan tng c6 khudy (toc do 200 vong/phit);
khéi luong xdc tac 400 mg; NaOH 80 mg; nhiét do
phan @ng 50 °C; téc d6 dong 10 %H,/Ar la 5
ml/phat; tai cac khoang thoi gian phan tng: 10; 30;
60; 120 va 180 phut. Sau phan tng, san pham dugc
phan tich trén may sic ky khi kh6i phd phan giai cao
(GC-MS) AutoSpec Premie.

Quy trinh phan tich dioxin trong san pham phan
{mg theo tiéu chuin US-EPA 1613 [7] va US-EPA
8280a [8].

Do chit mang cua xuc tac la loai vat liéu C* c6
chu trac xop va dién tich bé mat riéng 16n nén chat
phan tng va cac san phdm cta qua trinh c6 kha ning
hap phu 1én bé mit va trong mao quan cia vat liéu.
Dé xac dinh chinh x4c cac chit, khi phan tich GC-
MS mau s& duoc gom chung ca chat xuc tac va dung

Tran Pic HUNg va céng su

dich sau phan tng dé xac dinh tong luong cua cac
chat sau qué trinh phan tng. P§ chuyén hoda cua
2,3,7,8-TCDD theo cong thiic sau:

Cpa—C
M X 100 (%)
Cpa
CH 14 d6 chuyén hoa cua 2,3,7,8 -TCDD (%)
Chq |2 ndng d6 2,3,7,8-TCDD trudc phan Gmg (ng/1)

C spu 12 nONg 6 2,3,7,8-TCDD sau phan ting (ng/1).

CH =

3.KET QUA VA THAO LUAN

3.1. Hoat tinh xuc tac Pd/C* va Pt/C* cho phan
ung HDC 2,3,7,8-TCDD

Dé danh gia kha nang chuyén hoa 2.3,7,8-TCDD
bang phan tng HDC trén xtic tac Pd/C”, P/C” (ham
luong 10 % ki), tién hanh lan luot tung phan Gng
trong 180 phut. Sau moi phan tng, lay 03 miu dé
phan tich GC-MS (mau trang, mau trudc phan Gng
va mau sau phan ung). Mau trdng 1a mau duoc tién
hanh dong thoi v6i mau thir ‘nghiém nhung khong c6
mit cua NaOH va khi H, dé khong xay ra phan tng
HDC. Mdu truée phan vmg 1a mau ban dau. Mdu
phdn img 1a miu duge thir nghiém trong hé phin
ung HDC.

Két qua tai hinh 2 véi xtc tic 10 %Pt/C* cho
théy, trén cung h¢ truc toa do, chiéu cao cua 3 dinh
peak 2,3,7,8-TCDD cta 3 mau twong ty nhau.
Chimng to, phan tng HDC 2,3,7,8-TCDD trén xdc
tac Pt/C” da khong xay ra hodc xay ra véi toe do rat
cham.
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Hinh 2: Sdc d6 GC-MS ctia 2,3,7,8-TCDD cho phan
tmg HDC trén xuc tac PUC* (a: mau trang; b: mau
sau phan trng va c: mau trudc phan Gng)

Cic san phdm cua qua trinh declo hoa la
Trichlorodibenzo-p-dioxin (TriCDD),
Dichlorodibenzo-p-dioxin (DCDD),
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Monochlorodibenzo-p-dioxin (MCDD) va dibenzo-
p-dioxin (DD) d€u thap hon gidi han phan tich, the
hién trén sac d6 GC-MS (hinh 3).
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Hinh 3: Sic d6 GC-MS xac dinh tri-CDD; DCDD;
MCDD va DD trong miu sau phan tmg HDC trén
xUc tac Pt/C*

Nhu vay xuc tac Pt/C* khong c6 hoat tinh hodc
c6 hoat tinh rét thép véi phan ung HDC 2,3,7,8-
TCDD.

Hinh 4 cho thdy, mau tring (hinh 4a) va miu
truge phan Gng (hinh 4c) co chidu cao pic 2,3,7,8-
TCDD la giong va twong dwong nhau. Hinh 4b cho
thiy, khong c6 mot pic nao ¢ mau sau phan Ung
HDC. Piéu nay chimg t6, 2,3,7,8-TCDD di tham gia
phan Gmg hét hodc con v&i lugng rat thip (dudi
ngudng phat hién cua may 30 ng/l). Két qua thu
duoc do chuyén hoa dat 99,9 % va san phém cua qua
trinh (hinh 5) cho thdy chi 1a DD khéng chira clo.
Ching to, phan tmg HDC 2,3,7,8-TCDD chuyén héa
hoan toan thanh DD 14 san pham khéng doc.
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Hinh 4: Sc d6 GC-MS ctia 2,3,7,8-TCDD cho phan
tmg HDC trén xuc tac Pd/C* (a: mau trang; b: mau
sau phan Gng va ¢: mau trudc phan ing)

Nhu véy, xtc tac Pd/C” ¢ hoat tinh rat tot véi
phan Gtng HDC 2,3,7,8-TCDD, trong khi xlc tac
Pt/C" hau nhu khong thé hién hoat tinh. Nguyén
nhan ctia hién tugng nay c6 thé bit ngudn tir sy khac
biét vé thé tich hp phu cua hydro trén hai kim loai

Danh gia kha nang xuc tac cua...

xic tic. Voi Pd, nhiét hiap phu cua hydro la
94,1KJ/mol [6], xdp xi véi Pt, nhung thé tich hap
phu hydro trén Pd 16n gip 9,35 lan so véi Pt trong
cung diéu kién [2]. Piéu nay din dén ting dang ké
mat d6 nguyén ti hydro trén 1 don vi dién tich kim
loai Pd, lam tang toc dd phan ing HDC 2,3.7,8-
TCDD. Mt s6 cong trinh nghién ctru khéc ciing chi
ra rang, Pt c6 hoat tinh thap hon nhiéu so véi Pd
trong phan ung HDC [4, 5, 9].
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Hinh 5: Sac d6 GC-MS xéc dinh tri-CDD; DCDD;
MCDD va DD trong mau sau phan trng HDC trén
xuc tac Pd/C*

Vi vay, xuc tdc Pd/C* s€ tiép tuc dugc st dung
cho cac nghién ctru sdu hon vé qua trinh nay.

3.2. Anh huéng ctia ham lwong Pd dén phan ing
HDC 2,3,7,8-TCDD

Dé nghién ctru yéu té anh hudng cuia ham luong
Pd kim loai dén phan ing HDC 2,3,7,8-TCDD, ba
mAu xdc tac ¢6 ham luong thay doi 2, 5 va 10 % Pd
da duoc nghién ctru trong cung diéu kién phan ing.
Quan st sy hinh thanh va thay d6i cia cac san pham
trung gian c6 thé tao thanh 1a TriCDD; DCDD;
MCDD va san pham cudi ctng 1a DD theo thoi gian
phan ung HDC dugc trinh bay trén hinh 6.

Hinh 6 cho thiy, trong 10 phut dau cua phan tng
né)ng d6 nguyén liéu 2,3,7,8-TCDD giam rat nhanh
va bit dau hinh thanh cic san pham TriCDD;
DCDD; MCDD va DD d6i véi ca ba miu xuc tac.
Sy hinh thanh cac san phdm trung gian (TriCDD;
DCDD va MCDD) chi dén 120 phit phan tmg. Sau
phut 120 tro di, san phém chi con 1a DD, con cac san
pham trung gian khac chi xuat hién & nong d¢ rat
thip. Diéu nay cho thiy phan tmg HDC di chuyén
héa hoan toan 2,3,7,8-TCDD thanh san phiam DD.
Riéng phan ung trén xuc tac 2%Pd/C* (hinh 6a) sau
180 phut thir nghiém van xuat hién 2,3,7,8-TCDD
trong san pham phan {ng.

Vay xuc tac Pd/C* ¢ ca 3 ham lugng kim loai (2;
5 va 10 %kl) déu c6 hoat tinh t6t. Nhung vi Pd 1a
kim loai quy, c6 gia thanh cao nén viéc lya chon
dugc ham lugng Pd thich hop cho phan ung 14 diéu
rat quan trong. Vi 1& d6, yéu t6 anh huong cta ham
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lugng Pd dén kha nang xir 1y 2,3,7,8-TCDD béng
phan ung HDC sé& dugc xem xét qua do chuyén hoa
nguyén liéu nay (hinh 7).
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Hinh 6: Sy thay ddi ndng d6 cua cac san phim trung
gian theo thoi gian phan tng HDC 2,3,7,8-TCDD
(a) 2%Pd/C*; (b) 5%Pd/C* va (c) 10 %Pd/C*
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Hinh 7: D9 chuyén hoa 2,3,7,8-TCDD trén X(c tac
Pd/C* khi thay d6i ham lugng Pd

Quan sat hinh 7 c¢ thé thy, v6i ham lugng Pd 1a
2% thi d chuyén hoa 2,3,7,8-TCDD dat gia tri cao

Tran Pic HUNg va céng su

nhit khoang 95 %, con mau 5 % va 10 % hiéu qua
xap xi nhau 99,9 %. Diéu nay duoc giai thich nhu
sau: Vi 2 %Pd lugng kim loai it khong du sb tim
Pd cho tham gia phan mg nén do chuyén héa cao
nhéat chi dat dugec 95 %. COn v4i miu chira trén
5 %Pd, s tam hoat tinh nhiéu, da cho phan ng nén
d6 chuyén hoa dat 99,9 %.

Céc két qua phan tich dic trung 3 miu xuc tic
cling cho phép khiang dinh nhan xét nay. Véi dién
tich bé mat riéng, d6 1on giam dan khi ham lugng Pd
tang dan tir 2 % dén 10 %kl do sy chiém chd cua cac
nguyén tir Pd trén bé mat C*, kém theo sy giam dan
vé duong kinh mao quan (bang 1).

Bdng 1: Dién tich bé mit riéng, phan b mao quan
va d¢ phan tan Pd kim loai

Mau Sger (M/9) g (A) | deq (%)
2%Pd/C* 673 41,8 10,5
5%Pd/C* 665 41,5 10,1
10%Pd/C* 661 41,3 9,9

Sger: Dién tich bé mat riéng theo BET; dmg: Puong kinh
mao quan tap trung; dpyq: PO phén tan Pd kim loai.

Con két qua phan tich do phan tan Pd/C* cho
thiy d6 phan tan Pd ciing giam dan khi ting ham
luong Pd mang trén chit mang. Véi ham luong Pd
16n, trong khi dién tich bé mat chit mang khong
tang, cac hat Pd khong du chd phan tan trén bé mat,
xép chdng 1én nhau, lam giam d6 phan tan kim loai
nhu d4 do dugc bang hap phu xung CO.

Diéu nay ciing dugc xac nhan lan nita qua két
qua chup anh TEM vé sy phan bd cua cac hat Pd
trén chat mang (hinh 8).

Hinh 8 cho thiy, véi mau 5 %Pd (hinh 8b) cac
kim loai phan bd déu hon trén bé mat C*, con miu
10%Pd (hinh 8a) rit nhiéu khoang mau sim bao phu
trén bé mat C*, do phan 16n cac hat Pd bi xép chong
1én nhau lam giam thé tich mao quan, giam dién tich
bé mat riéng va giam do phan tan nhu sb liéu da
thong ké trong bang 1.

4. KET LUAN

T cac két qua nghién ctru vé kha nang phan tmg
HDC 2,3,7,8-TCDD trong pha 16ng trén hai loai xtc
tac Pd/C* va Pt/C* thuong mai di cho thdy, xuc tac
Pt/C* khong thé hién hoat tinh voi phan mg nay.

Trong khi @6, xac tac Pd/C* thé hién hoat tinh
t6t, dic biét & ham luong kim loai 16n (5 % ki va 10
% kl). Voi xuc tac nay, trén 99 % 2,3,7,8-TCDD
dugc chuyén hoa thanh cac chat khong chira clo (cha
yéu 1a DD).

Két qua nghién ctru nay cho thiy huéng xu Iy
dioxin va furan theo phuwong phap hydrodeclo hoa
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trén xuc tac Pd/C* rit kha quan, mo ra kha ning tng
dung thuc té xur Iy dioxin tai Viét Nam.

PJ C-Hung 10

Print Mag: 167000x @5lmm 100 nm

3:32:40 p 5/4/2015 HV=80.0kV
TEM Mode: Imaging Direct Mag: 80000x
EMLab-NIHE

Pd-C-Hung 5

Print Mag: 80400x @51mm 100 nm
9:15:30 a 5/4/2015 HV=80,0kV
TEM Mode: Imaging Direct Mag: 40000x
EMLab-NIHE
Hinh 8: Anh TEM cua mau 10 %Pd/C* (a) va
5 % Pd/C* (b)

Loi cam on. Nghién ciru ndy dwoc tai tro boi nguon
kinh phi cua dé tai NCKH cap B¢ Gido duc va Bao
tao, md so B2015-01-103.
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