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Pd - Cu/C’ TRONG QUA TRINH XU LY CAC HOP CHAT HOU CO
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Toém tat

Phuong phdp hydrodechlorination - HDC (str dung kim loai Pt, Pd va Ni lam xuic tdc) hién dang duoc coi la phuong
phdp hiéu qud nhdt dé xir ly cdc hop chdt hitu co chira chlorine (Cl) truéc khi thdi ra méi trudng. Tuy nhién, cdc kim loai
quy thudng chi phi cao, dé gy ngé déc xiic tdc va nhanh mat hoat tinh [12, 13] nén van cdn nghién ciu dé tim ra bién
phdp cdi thién khd nédng lam viéc cda xiic tdac [1]. Trén co' sé d6, nhom tdc gia dé nghién ciru thém Cu vao hop phdn xuc
tdc, két qua khéng nhitng lam téng hoat tinh ma con kéo dai thai gian lam viéc cda xuc tdc. Trong bai bdo nay, nhém
tdc gid nghién ciru ddnh gid hiéu qua cua xiic tdc luéng kim loai Pd-Cu/C* trong qud trinh xir ly cdc hop chédt hitu co

chira chlorine trudc khi thdi ra méi trudng.

1. Giéi thiéu

Cac hop chat hitu co chia chlorine da va dang dugc
st dung réng rai dé€ san xudt thudc bao vé thuc vat, lam
sach bé mat kim loai, dung trong céng nghiép thudc
nhudém, lam dung mai cho cac qua trinh hoéa hoc... Cac
chat nay sau khi stt dung thudng dugc thai ra méi trudng,
gay 6 nhiém nguén nudc, pha hay tang binh luu, gay ra
mua acid... Vi vy, nhiéu nha khoa hoc da nghién ciu dé
tim phuong phap xU ly cac hgp chat nay trudc khi thai ra
moi trudng.

Theo nghién ctu cla nhém tac gid, viéc thém Cu vao
hgp phan xuc tac khéng nhiing lam tang hoat tinh xuc
tac ma con kéo dai thoi gian lam viéc cla xuc tac. Hon
n(ta, viéc st dung kim loai thi hai sé gitp gidm ham lugng
kim loai quy can dung trong téng
hgp xuc tac nén ¢ y nghia rat I6n
vé mét kinh t&. 3 nhiét doé 350°C,
dé chuyén hoéa cua tetracloetylen
(TTCE) trén xuc tac tai phut tha 30

Do chuyén héa ctia TTCE 6n dinh hon, khéng ¢6 su thay
déi rd rang nhu & nhiét dé 350°C.
2. Thuc nghiém

2.1. Diéu ché xiic tdc luéng kim logi Pd - Cu/C*

Xuc tac ludng kim loai Pd-Cu/C* dugc diéu ché theo
so dé Hinh 1.

- Xuc tac Pd - Cu/C* da téng hgp c6 bé mat tai x6p,
ngoai quan c6 mau téi sam [7, 14].

- Trong nghién cliu nay, cdc mau xuc tac dugc téng
hgp c6 ham lugng kim loai chiém ty 1& 1% [8, 17].

Ky hiéu va ty lé thanh phan cadc mau xuc tac da téng
hgp thé hién trong Bang 1.

Than hoat tinh
(nghién, say)

va 60 dat gan 97%, dén phut thua
270 hoat tinh cla xuc tac gidm
xuéng con 82%. Sau dé, hoat tinh

Pha dung dich

Pd(NO,),, Cu(NO,),

Ngam tam
xuc tac

> Bay hai nudc du,
dé qua dém

\ 4

cla xuc tac khéng én dinh va co6
xu huéng tiép tuc giam. O nhiét

A

dé 300°C, d6 chuyén héa chia TTCE

X Hoat héa
trén xuc tac tdng déu hon & nhiét

xUc tac

Sdy & nhiét do 120°C
< trong 3 gi®, & nhiét
d6 180°C trong 1 gi®

Say & nhiét d6 80°C
trong 4 giG

A

d6 350°C nhung doé chuyén hoa cao
nhat tai nhiét dé nay chi gan 91%.
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Hinh 1. Quy trinh téng hop xuc tdc luéng kim loai Pd - Cu/C*
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2.2. bdnh gid hoat tinh xuc tdc [2, 3, 21]

Dé danh gia hoat tinh xtc tac déi véi phan tng
hydrodeclo héa TTCE, cac mau xuc tac sau khi dugc chuan
bi va kiém tra ddc trung héa ly sé dugc nghién cliu trén
s d6 phan (ng dang vi dong. Thanh phan nguyén liéu
cing nhu san pham trudc va sau phan ng sé dugc phan
tich bang sac ky khi két néi truc ti€p véi hé phan ng. Cac
thong s6 nghién ctu qua trinh phan Ung: luu lugng xuc
tac 50mg, luu lugng dong H, 80ml/phut, luu lugng dong
Ar 120ml/phut, nhiét doé vuing phan tng 300°C. Trudc khi
phan (ing, xuc tac dugc hoat hoa & nhiét d6 300°C trong
3 gig véi dong khi 10% H_/Ar, luu lugng 50ml/phut [5, 11,
19]. Bang 2 thé hién ché dé phan tich san phdm bang sic
ky khi.

3. Két qua va thao luan

3.1. Anh huéng cta hop phdn xiic tdc téi d6 phén tdn
kim loai trén chdt mang

3.1.1. Mdu xuc tdc don kim loai Cu [2, 9]
K&t qua chup anh kinh hién vi dién tI truyén qua

(TEM - Transmission Electron Microscope) mau PO (1%
Cu/C*) dugc thé hién trén Hinh 2.

Hinh 2 cho thdy, trén nén C khéng hién thij cac hat
kim loai Cu. Nhu vay khéng thé quan sat dugc cac hat kim
loai Cu bang anh TEM.

Bding 1. Thanh phdn cdc méu xuc tdc da téng hop

Ky hiéu mau Thanh phan kim loai
P100 1% (Pd)/C* -
P75 1% (Pd - Cu)/C*
P50 1% (Pd - Cu)/C*
P25 1% (Pd - Cu)/C*
PO 1% (Cu)/C* -

Bdng 2. Diéu kién phan tich sén phdm phan img HDC TTCE

Ty 1& Pd/Cu (%)

75%Pd : 25%Cu
50%Pd : 50%Cu
25%Pd : 75%Cu

3.1.2. Mdu xuc tdc don kim loai Pd [15, 16]

Két qua chup anh TEM ctia mau P100 (1% Pd/C*) thé
hién trén Hinh 3.

Hinh 3 [4, 10] cho thay cac hat kim loai co kich thudc
I&n tU 40 - 70nm dugc hinh thanh béi su tap trung cda cac
hat Pd co cum thanh tiing khoi xay ra trén bé mat chat
mang. Bén canh d6, su phan tan cac tam kim loai thua va
khong déu nhau, cé hat & rat gan nhung c6 hat lai & rat
xa nhau.

3.1.3. Mdu xtic tdc luéng kim logi Pd - Cu [5]

Anh TEM ctia mau P25 (1% Pd - Cu/C* véi ty |é Pd/Cu =
25% : 75%) cho thay kich thudc cac hat kim loai nho, trung
binh tu 20 - 40nm; cdc tam kim loai phan tan day dac va
doéng déu trén toan bd bé mat chat mang (Hinh 4) [6].

Nhu vay, khi c6 Cu trong hgp phan xuc tac thi kich
thudc hat kim loai nhé hon do Cu da ngdn can sy co cum
cla céc hat Pd, déng thai lam cho cac tam kim loai dugc
trai déu trén toan b dién tich bé mat chat mang [18, 20].
Tuy nhién, diéu nay phu thudc kha nhiéu vao ty 1é ctia 2
kim loai Pd va Cu nén can phai lua chon mot ty 1é thich
hop (25% Pd - 75% Cu). S6 lugng tam hoat tinh tang cho
phép du doan kha nang tang cudng hoat tinh xuc tac véi
mau luéng kim loai so v&i mau don kim loai.

3.2. Anh huéng cta Cu dén luong sén phdm, hoat tinh va
thai gian lam viéc cda xtic tdc

3.2.1. Anh huéng ctia Cu téi hoat tinh cta xtic
tdac

Dé danh gia yéu t6 nay c6 anh huéng
dén hoat tinh xdc tac, nhém tac gia da thi
nghiém phan ting chuyén hoa TTCE trén ca
5 mau P100, P75, P50, P25, PO, trong clng
mot diéu kién sau:

- Hoat héa xuc tac: 300°C trong 3 gio
bang dong H, 50ml/phut;

- Nhiét d6 phan ung: 300°C;

- Thai gian phan ung: 300 phut;

- Khéi lugng xuc tac: 50mg.

Két qua thu dugc thé hién trén Hinh 5.

Hinh 5 cho thdy: Mau P25 cho d6 chuyén
héa TTCE cao nhat la gan 90%, 2 mau P75
va P50 cho d6 chuyén héa trén 80%, trong

FID
Nhiét d6 250°C
Detector = Khong khi 35ml/phut
H, 40ml/phut
N, 30ml/phat
Cot Cot mao quaén, cét Thermo TR-530 x 0,32mm ID x 0,25um film
. Nhiét d6 40°C
Lo Théi gian 13,5 phat
C6 chiadong
Dong vao T6c d6 chia dong 54ml/phut
Nhiét dé 150°C
Ty |é chia dong 67
Khimang 0,8ml/phut

khi d6 @6 chuyén hoa ctia mau P100 chi dat
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PO _ 001
A00%%Cu/C* 100 nm
Print Mag: 104000x @ 51 mm HV=80.0kV

6:44:09 p N6/19/09
TEM Mode: Imaging
Microscopist: Tran Quang Huy

Hinh 2. Hinh dnh TEM ctia méu PO

Direct Mag: 50000x
EMLab-NIHE

P100_004

100% Pd/C*

Print Mag: 49100x @ 51 mm
2:26:13 p 06/19/09

TEM Mode: Imaging
Microscopist: Tran Quang Huy

—
100 nm

HV=80.0kV
Direct Mag: 25000x
EMLab-NIHE

Hinh 3. Hinh dnh TEM cGa méu P100

P25_001

—
25%Pd-75%Cu/C* 100 nm
Print Mag: 49100x @ 51 mm HV=80.0kV

6:25:43 p 06/19/09
TEM Mode: Imaging
Microscopist: Tran Quang Huy

Direct Mag: 25000x
EMLab-NIHE

Hinh 4. Hinh dnh TEM cta méu P25
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39% va thap nhat la mau PO v&i 35%. Nhu vay, khi st dung xtc
tac ludng kim loai thi hoat tinh cla xtc tac tréi hon so véi khi
st dung xuc tac chi chta mot kim loai Pd hoac Cu.

Hoat tinh clia 3 mau luéng kim loai P25, P50, P75 déu
tang rd rét so véi 2 mau don kim loai P100 va P0. Xét vé thai
gian dat dé 6n dinh vé hoat tinh, m&u P25 tidng nhanh va 6n
dinh nhat trong suét thai gian phan Gng (tir phat 80 tré di)
$0 VGi 4 mau con lai. Cac mau P75 va P50 cho dé chuyén hoa
cao, nhung hoat tinh clia xdc tac nay lam viéc khéong 6n dinh
trong thai gian phan Ung. Nhu vay, ty 1é kim loai ciing anh
hudng 16n dén tinh chat va kha nang lam viéc cla xuc téc,
trong do6 ty 1é Pd/Cu = 25% : 75% té ra uu viét hon. Kha ndng
phan tan day dac va dong déu trén toan bo bé mat chat mang
khi quan sat trén anh TEM.

3.2.2. Anh huéng ctia Cu dén luong san phdm

Lugng sdn phadm hinh thanh trong qua trinh HDC TTCE
dugc thé hién rd nhat trong gian dé sac ky khi. D& danh gia
tinh chat nay, nhom tac gia dua vao gian d6 san pham cla 2
mau P100 va P25 (Hinh 6 va 7).

Theo quan sét trén gian do sac ky, san phdm chuyén héa
TTCE trén 2 mau c6 su khac nhau dang ké. B8i véi mau P100,
chi c6 dinh (peak) TTCE chua phan ting la 16n va ré rang nhat,
cac peak sdn pham rat nhé tai phut 3,275 phut va 6,522 phut.
Nhung khi s dung xuc tac P25, cac peak xuat hién I6n va rat
rd nét & thai diém 3,275 phut va 6,522 phut. Diéu dé cho thay
ham lugng Cu c6 dnh hudng dén lugng san pham.

Tuy nhién, dua vao thgi gian luu cla sdn phdm qua mot
s6 tai liéu nghién ctiu da cong bo thi peak 1 xuat hién &
3,275 pht la san pham C,, c6 thé la C,H, hodc C,H, da tach
hét chlorine & muc d6 khac nhau trong d6 peak 1 la CH,con
peak 2 6,522 phut |a mét sdn pham trung gian van con chiia
chlorine.

D6 chuyén héa ctia TTCE & 300°C
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D6 chuyén héa (%)
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Hinh 5. D6 chuyén héa cia TTCE trén cdc mdu P100, P50, P25, P75, PO
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Chrom-Card Strip-Chart 3.2.3. Anh huéng cta Cu dén thdi gian lam viéc ctia xtc tdc

110,10
12108 Dé danh gia dd bén cla xdc tac, nhom tac gid da
khéo sat thai gian phan ting clia 2 mau P25 va P100 trong
khoang 1.200 phut. Két qua thu dugc trén Hinh 8.

91.25 Hinh 8 cho thdy, xtc tac P25 ludng kim loai c6 hoat
tinh cao hon so v6i mau xuc tac P100 chi chira Pd. Vai P25
dé chuyén héa TTCE 6n dinh & muc trung binh gan 90%
trong khi dé vai P100 gia tri nay 1a 39%. Mdc dé chuyén

241} héa TTCE t6i da dat dugc khi st dung P25 la 92% va khi
st dung P100 |1a 46%. Thai gian 6n dinh hoat tinh clia P25
Vol | cling nhanh han so vai P100, cu thé P100 can 160 phut dé

6n dinh hoat tinh, con P25 chi mat 80 phut.

) Xem xét su bién thién vé dé chuyén héa TTCE theo
thai gian phan Ging cho thay xuc tac P100 bat dau co xu
hudng mat hoat tinh sau 20 gi& phan (ng, trong khi dé
xuc tac P25 van duy tri hoat tinh én dinh & mdc trén 90%

ETRALS chuyén hoéa TTCE. Ré rang su c6 mat Cu trong hgp phan
527 o5 xUc tac da cai thién dang ké hoat tinh va do bén xuc téc,

0.143 0,148 / 3858 ; | P . o , . . R .
H"-m & { J N ] thé hién & do6 chuyén hda cla nguyén liéu tang, nhanh
[' dat t&i muc 6n dinh hoat tinh va van chua c6 dau hiéu mat

1889 oo T — e i ‘os0 55 hoat tinh sau 20 gi& phan ung.

Time (min) v . . e P
Fllename D:..\FUL005 M1 300 do011.dat Nhan xét nay cang dugc cling c6 khi xem xét cac két

Sample name :FU1005 M1 30 Analysed :05/10/2009 16:02

qua chup TEM ctia xuc tac P25 (cé kich thudc tam nho hon,

Chrom-Card Strip-Chart dé phan tan déu hon). Day chinh la nguyén nhan gidp cho
9.7 < xuc tac P25 ¢6 thai gian lam viéc dai han do cé nhiéu tam
- xuc tac hoat déng han. Xdc tac P100 nhanh mat hoat tinh
hon xuc tac P25 ching té anh hudng r6 rét cda kim loai

Hinh 6. Sén phdm phan tng HDC trén méu xuc tdc P100

tht 2 dén hoat tinh cling nhu d6 bén cla xdc tac. Su ¢
77.96 mat clia Cu khéng nhimng cai thién dang ké hoat tinh cuia
XUc tdc ma con giup sé ngan can sy co cum cla cac hat Pd
va nang cao hoat tinh, dé bén cda xuc tac.

3.3. Anh huéing ciia nhiét dé dén qud trinh phdn iing

Anh hudng ctia nhiét dé téi kha nang lam viéc cia xuc
(m¥olt tac P25 trong phan tng HDC TTCE dugc nghién ctu & 2
diéu kién nhiét doé 300°C va nhiét d6 350°C. K&t qua thé
o1y hién trén Hinh 9.

2275 6522 Hinh 9 cho thay khi nhiét d6 gidm thi d6 chuyén héa

| cla TTCE trén xuc tac cling gidm. Vi phan ting hydrodeclo
o » J 12.29 hoa la phan Ung thu nhiét nhe, nén khi tang nhiét dé
r(, r MR - phan Ging sé dan dén t6c d6 phan ting tang theo. Can chu

y khi nhiét d6 tang cao qua sé lam cho phan Ung xay ra
f rat manh, tao diéu kién xdy ra cac phan tng trung hop
tao coc bam trén bé mat chat mang lam bao phu cac tam

L L L L L L L L L
22.87 0.00 .70 540 810 10.80 13.50

Time (min) kim loai, ngan cach cac trung tam phan tng véi chat phan
Filename D:\-..\pu 0706 M2\PU 0706 M2002.dat

Sample name :PU 0T06M200  Analysed :06/07/2009 06:54 l.’fng, dén dén lam glém hoat tinh cta xuc tac.
Hinh 7. Sén phdm phan tng HDC trén méu xuc tdc P25
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Phan trng & 300 d6, 1200 phut

200 Y

D6 chuyén héa (%)

0 300 600 900 1200
Thai gian phan tng (phut)

—=—P100 ——P25

Hinh 8. D6 chuyén héa TTCE trén mdu P25 va P100
(khi thay déi thoi gian)

Thay d@i nhiét do phan iing
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The'i gian phan rng (phut)

—— 300 d6 —=— 350 do

Hinh 9. D6 chuyén hod TTCE trén mdu P25 va P100
(khi thay d6i nhiét d6)

4. Két luan

Qua két qua phan tich, nhém tac gid da téng hop
dugc xuc tac luéng kim loai P25 (1% Pd - Cu/C* véi ty
[é Pd/Cu = 25% : 75%) c6 kich thuéc mao quan trung
binh, dé tinh thé cao, kich thuéc hat tuong déi déng
déu. Thr nghiém hoat tinh xdc tadc P25 & nhiét dé 300°C
va nhiét d6 350°C cho thay, nhiét dé thap cho phép dam
bado hoat tinh xuc tac va duy tri khd nang lam viéc xuc
tac lau dai hon so vai khi tién hanh & nhiét d6 cao. §
nhiét d6 300°C, d& chuyén héa clia TTCE trén xuc tac dat
90% tang déu hon & nhiét dé 350°C. Khi tién hanh dua
thém Cu vao hogp phan xuc tac véi ty [& Pd/Cu = 25%:
75% khoéng nhitng lam tang hoat tinh xdc tdc ma con
kéo dai thai gian lam viéc cda xuc tac. Hon nira, viéc s
dung kim loai thu hai sé giup giam ham lugng kim loai
quy can dung trong téng hop xuc tac, gép phan nang
cao hiéu qua kinh té.
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Evaluating the effectiveness of bimetallic catalyst of
Pd-Cu/C* in the tfreatment of chlorinated organic
compounds

Summary

Hoang Thi Phuong
Vietnam Petroleum Institute

Hydrodechlorination (HDC) using Pt, Pd and Ni as catalysts is considered one of the most effective methods to treat
chlorinated organic compounds before they are discharged to the environment. Pt, Pd and Ni are, however, very
expensive and prone to catalytic poisoning and rapid loss of catalytic activity. In this paper, the author evaluates the
effectiveness of the bimetallic catalyst of Pd-Cu/C in the treatment of chlorinated organic compounds. By adding Cu
in the catalyst, the researchers not only increase the catalytic activity but also extend the working time of the catalyst.
Moreover, the use of a second metal will reduce the amount of precious metal required for the catalytic synthesis,
which is of great significance in economic terms.
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