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1.MO PAU

PCBs (PolyChlorinated Biphenyls) 1a hop chét hitu co rat bén, c6 ap suat bay hoi
va tinh chay no thap. Khi thai vao méi truong, PCBs s& di vao co thé con nguoi qua da,
phdi va hé tiéu héa anh hudng nghiém trong dén doi sdng va sirc khoe con ngudi, dic biét
c6 nguy co gy ung thu va chiing vo sinh cao. [1, 2]

Trong dau bién thé, PCBs duogc sir dung nhu 1a phu gia c6 tinh cach dién va thuc
hién chirc ning chdng oxy hoa, c6 tén thwong mai la Aroclor [3]. Dau bién thé tir cac nha
may nhiét dién, 16 d6t, ... 1a ngudn gay 6 nhiém PCBs 16n nhét trén thé giéi noi chung va
0 Viét Nam ndi riéng.

Hién nay viéc xtr Iy chit thai — khi thai chira PCBs chu yéu st dung phuong phap
thiéu d6t & 1000 — 2000°C. Phuong phép nay t6 ra khong hiéu qua do doi hoi tiéu t6n
nhién liéu va kha niang xtr Iy chua triét d¢, c6 thé sinh ra mot s6 san pham thr cap doc hai
hon rat nhiéu (PCDDs, PCDFs, ...).

Do vy, van dé oxy hoa PCBs bang xtic tic nhdm ting hiéu qua xir Iy va tiét kiém
nhién liéu dang duoc rat nhiéu nha khoa hoc trén thé giéi quan tdm va nghién ctru. Tuy
nhién, dén thoi diém hién tai van chwa c6 cau tra 10i thoa dang ciing nhu 13 bién phap tdi
uu cho bai toan khé khan nay.

Dién hinh cho phuong phéap xir Iy PCBs triét dé bang con duong oxy hoa hoan
toan trén xuc tac di thé dac trung, chiing t6i chon st dung Monochlorobenzene (MCBz) 1a
chat dai dién cho nhom hydrocacbon vong thom chira Chlor (nhiét d6 s6i 132°C, nhiét do
néng chay -45.2°, ap sut hoi bao hoa & 25°C 1a 11.8torr, dd hoa tan 0.049g/100ml H,0).

Céc hé xuc tac duoc tong hop va thir nghiém 14 V,0s trén chat mang TiO,, ALO;
va bién tinh mot sb kim loai. Trong d6, V,0s/TiO; 1a h¢ xtc tac mdi duge dung trong
phan tmg khir chon loc (SCR), chéng lai sy dau doc SO, trong khi thai dong co, ... dic
biét day 1a xuc tac co hiéu qua nhat cho qua trinh oxy hoa triét d& PCBs va khong ché dén
muc toi thiéu su sinh ra cac hop chat hiru co chira Chlor th cép doc hai hon nhu
chlorinated dioxin, furan, benzene ... [4, 5]
2.THUC NGHIEM

2.1. Phwong phap tong hop xiic tac

Xtc tac duge tong hop theo phuorng phap tim uét: Hoa tan mudi ammonium
metavanadate NH,;VO; (Merck) ¢ 70°C, cho mdt luong xac dinh chét mang vao, cd hon
hop dung dich dén can nuéc & 80 - 1OOOC Sau d6 dem phan sét thu duoc sdy kho & 100 -
120°C trong 2h. Nghlen min miu rin sau siy, nung trong dong O, 3h & cac ché do nhiét
nung 300 ,400° va 500° C, ta thu dugc xuc tac v6i ham lugng tam mong mudn. Mau trudc
khi tién hanh phan tng can hoat hoa ¢ nhiét do tuong ung.

Céc chat mang dugc st dung la TiO, (Degussa P25), ALOs (Merck); bién tinh
mot s6 kim loai chuyén tiép va kim loai quy. Xuce tac V,05/TiO; dugce tong hop theo 4
phuong phap khac nhau (thay d6i mot vai thong sé hay thir ty diéu ché):

+ Phuong phép I: 4p dung cach tam udt binh thuong.
+ Phuong phap II: xur 1y nhiét TiO; trude giai doan tam va thay d6i ché do
nung mau sau siy.
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+ Phuong phép III: Hoa tan NH4VOj; bang dung dich acid oxalic.
+ Phuong phap IV: tién hanh tdm kho nhiéu lan.
2.2. Khao sat phan tng
Hoat tinh xtc tac trong phan ung oxy hoa hoan toan Monochlorobenzene dugc
khao sat trén hé thdng dong vi lugng. Hon hop phéan tmg dugc phan tich bang may sic ky
khi INTERSMAT IGC 120FL/FB, cot tach SE 30 1.5m, detector FID, nhiét do cot 230°C.
Diéu kién tién hanh phan tng nhu sau:
+ Tbc do dong tong Vi = 41/h véi dong nguyén lidu 11/h, thanh phan O,
trong dong ra 20%; tc do thé tich 20000h™"; khdi lwgng xuc tic m = 200mg.
+ Thong s6 ap suét sic ky (bar): gas vecteur (Ny) 1.2, H, 0.85, O, 0.4;
nhiét do cot 220°C.
+ Monochlorobenzene dugc gitr 6n dinh & 0°C trong subt qua trinh thi
nghiém véi Py, = 0.003 atm, ndng d6 MCBz trong dong tong 13 0.075%.
3.KET QUA NGHIEN CUU VA THAO LUAN
3.1. Anh huwéng cia ché do nhiét nung dén kha ning oxy héa
Monochlorobenzene
3.1.1. Mot s6 két qua khao sat

Po chuyén héa Clorobenzene trén 2%V;05TiO; theo nhiét do & Do chuyén héa Clorobenzene trén 5% V,05/TiO: (I) theo nhi¢t do
cdc ché d6 nung khic nhau & cde ch& do nung khdc nhau
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3.1.2. Nhén xét

Ché  do | Nhiét o light-off

nung 2%V/Ti(I) | 5%V/Ti(I) | 10%V/Ti(IIL) | 15%V/Ti() | 20%V/Ti(I)
300°C 305 305 330 285 280

400°C 345 280 315 280 260

500°C 345 330 340 325 305

Nhin chung, d chuyén h6éa Monochlorobenzene ting dan theo nhiét do khao sat,
cira s6 nhiét do hoat dong chénh 1éch nhau 1o rét va ché do nung c6 anh hudng rat 16n dén
hoat tinh xtc tac.

Véi ham luong 2%V,0s/TiO,, d6 phéan tin vanadium trén bé mat chat mang thap
nén kha nang xit Iy MCB cua xuc tac khong triét dé, nhiét do nung cang cao thi hoat tinh
xuc tac cang glam

O cac mau con lai, két qua nhan duoc cho thdy 400° 1a ché do nung thich hgp cho
t1., va nhiét 6 phan Gmg oxy héa MCBz thdp nhét. Nung xuc tac & 300° hay 500°C, co thé
xay ra cac kha nang sau: [6, 7]

+ Vanadium phan bd trén TiO, chuyén tr metavanadate VO4”
divanadium pentoxide V5+, V;,04 hay VO3

+ C6 sy hinh thanh cau tric polyvanadate che phu dién tich bé mit TiO,

+ Sy hién dién cua vanadium thiic diy qué trinh rutile hoa TiO, xdy ra
nhanh hon (su rutile hoa ciia TiO, tinh khiét bat ddu ¢ 700°C)

Tt ca cac truong hop trén déu co tac dong truc tiép dén hoat tinh xtc tac. Can cir
vao két qua thu dugc, nung & 300°, kha nang oxy héa MCBz ctia Vanadium/TiO, tét hon
nhiéu so véi 500°C.

Ngoai ra, 400°C 1a khoang nhiét d6 dinh hinh kha virg chic ciu trac vanadium
pentoxide trén bé mit chat mang va pha anatase bén nhat. Khi do, xuit hién su tuong tac
manh mé giita hai oxide va vanadium phan tan déu trén khip bé mit TiO, dan dén hoat
tinh oxy hoa cta xuc tac rat cao.

Tom lai, nung la mdt trong nhitng giai doan quan trong trong ché tao xtic tac. Khi
nung, tac dung nhiét s€ giup bé mit riéng cta xuc tic tang 1én va giai hap mot s6 chat bi
hap phu trong qua trinh tong hop phia trudce, nho vay co thé thu duoc xuc tac ¢ hoat tinh
cao. Cac két qué thye nghiém cho thay ché d6 nhiét nung c6 tac dong rt 16n dén hoat tinh
oxy hoa MCBz cua xuc tac va 400°C 1a nhiét d6 nung tbi uu.

3.2. Anh huwéng ciia phwong phap tong hop xic tic

3.2.1. Xiic tac 5%V,0s/TiO; nung & 400°C tong hop theo 4 phwong phap

sang

bo chuyén héa Clorobenzene trén 5% V,0s/TiOz nung G 4000C
téng hgp theo 4 phwong phip
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Biéu db so sanh trén cho thiy phuong phap tf)ng hop c6 anh hudng quan trong dén
kha nang oxy héa MCBz, trong d6 5%V,0s/TiO, tong hop theo phuong phap I 1a t6i wu:
tro = =280"C va cira s6 hoat dong dich chuyen han vé phia trai. Quy trinh tong hop xtc tac
bang 3 cach con lai thé hién & do chuyen hoa MCBz c6 su khac nhau khong dang ké.

Phuong phép II thay d01 mot s6 thong sd dinh hinh cdu trac xuc tac (nhiét do
nung, xir 1y tién chat, thoi gian tam ..) va phuong phap III sir dung dung dich acid oxalic
thay H,O (lam ting d6 hoa tan mubi ammonium monovanadat) lai cho kha niang oxy hoa
khong cao.

Mat khac, tam kho (IV) truyén théng ciing thu duoc t., = = 315°C. Néng d6 dung
dich vanadat thap, sb lan tam kho it s& trong tng véi cdu tir hoat dong xtic tac ting khong
dang ké, do d6 xuc tac tong hop theo phuong phap IV cho hoat tinh oxy hoa kém hon so
v6i tam uét.

Nhu vay, xuc tac didu ché theo phuong phap tam udt thong thuong (I) c6 hidu qua
oxy hoa triét dé & 450°C. Do phan tan V,0s cao trén bé mat cht mang va pha hoat dong
chu yéu cta TiO, ¢ dang anatase din dén sy gia ting dang ké hoat tinh oxy hoa cuia xuc
tac. Nhu véy, ddy 1a loai xtic tac tdi wu va thich hop nhat ding trong xir 1y khi thai cé hop
chét hiru co chira Chlor, tir d6 c6 thé ap dung cho hudng nghién ciru khi thai tir ngudn dét
dau bién thé PCBs.

3.2.2.10%V,05/TiO; nung & 400°C tong hop theo 3 phwong phap

Do chuyén héa Clorobenzene trén 10% V,05/TiO; nung ¢ 400°C
theo 3 phuong phap khic nhau
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Cra sb nhiét do hoat dong cua 3 loai xtic tac trén khac nhau mot cach rd rét. Khi
sir dung acid oxalic 2M hoa tan NH,VOs, ta nhan thay da cai thién phan nao hoat tinh oxy
h(’)aocﬁa XUc tic so v6i phuong phap tim w6t I: nhiét do light-off giam tir 325° xudng
315°C.

Bén canh d6, phuong phap tim kho t6 ra 1a t6i uu cho ham lugng tdm 10%V,0s
V6i t, = 280°C. Duong biéu dién do chuyén héa MCBz dich chuyén han vé phia trai cua
biéu d6. Tang ham lugng V205 ly thuyét twong mg v6i tang nong do dung dich mudi
vanadat va dung dich tam sir dung cang it, s6 lan tim ting, khi nung trong dong O ¢
400°C, céu tir hoat dong xuc tac tang va cAu tric oxide trén bé mat chét mang ¢ dang
pentavanadioxide va pha anatase ciia chit mang c6 tac dong tuong hd tich cuc thé hién
tinh oxy hoa hop chét Chlor cao nhét.
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3.3. Anh hwéng ciia ham lwgng tim Vanadium
3.3.1. V,05/TiO; (300°C)

PO chuyén héa Clorobenzene trén V,0s/TiO; nung ¢ 300°C
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TiO, (70% anatase+30% rutile) v6i do tinh khiét >99.5% sau khi xir Iy nhiét hoan
toan khong c6 kha ning oxy hoa, twong tu ddi véi V,0s tinh: hoat tinh oxy héa MCBz
thip va nhiét do phan tng rat cao, doi hoi phai tiéu ton rat nhiéu nhién liéu.

Khi mang V,0s tir dung dich NH4;VOs trén TiO,, két qua thuc nghiém cho thay
dudng biéu dién d6 chuyén hoa MCBz dich chuyén han vé phia ving nhiét do thap hon.
V6i ham lugng vanadium cang cao, kha nang oxy hoa MCBz cua xic tac cang cao, nhiét
do light-off cang giam va tinh triét dé trong xir Iy cang gia ting: téi wu 1a miu
20%V,05/Ti0; ¢6 ti., = 280° , chuyen héa hoan toan & 530°C.

Nhin chung, V,05/TiO, 13 hé xtc tac hoan toan thich hop cho phan tmg d6t chay
triét d&& MCBz, thuc ddy qué trinh xay ra nhanh hon. Phan tmg oxy hoa dugc cai thién rat
15 nét, bat dau xay ra ¢ nhiét do thdp hon rat nhidu (180 — 200°C) va chay hoan toan &
550°C. Day la mot thanh cong rit 16n trong linh vuc xtr 1y khi thai co chtra hop chét Chlor
& nhiét do thap, 1am tién dé kha quan cho huéng nghién ctru d6t chay triét ¢é PCBs trong
cong nghiép do tiét kiém dang ké ngudn nhién liéu dbt, chi phi xtr 1y, khong sinh ra cac
san pham thir cap doc hai khac ciing nhu don gian hoa quy trinh cong nghé.

3.3.2. V,05/TiO; (400°C)

Pj chuyén héa Clorobenzene trén V,05/TiO; nung & 400°C
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Tuong tu nhu trén, tr cac dit li€u thuc té thu duoc, xtc tac V,05/TiO; ¢ tac dung
thiic ddy qua trinh oxy hoa Chlorobenzene xay ra nhanh va triét dé. O 400°C, su twong tac
manh mé& gifra hai oxide va do phan tan V,0s déu khip bé mit anatase ctia chat mang
TiO, tac dong tich cuc dén kha ning oxy héa MCBz.

Nhu véy, voi cac ham lwong tim khac nhau, phan tmg oxy héa MCBz cua céc xuc
tac 1a khac nhau va hoat tinh ting dan theo ham lugng tam V,0s do sy gia tang nong do
V105 trong dung dich ti 1¢ thuén véi dong luc chuyén dong cua qua trinh tim, trong tng
v6i su tang dan hoat d6 xuc téc.
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3.3.3. V,05/TiO; (500°C)

bo chuyén héa Clorobenzene trén V,05/TiO, nung & 500°C
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Biéu dd so sanh cho thay khi thay doi ham lwong vanadium tir 5 — 20%, hoat tinh
xuc tac 1a twong dbi nhu nhau, nhiét do light-off khoang 305 - 310°C. Nong do ciu tir
hoat dong khong c6 anh huong dang ké dén tinh chét cia xuc tac khi nung & 500°C.
Nguyén nhan c6 thé do _xdy ra sy chuyén pha tir anatase sang rutile cta TiO, dan dén sy
giam manh dién tich bé mit xuc tac, khi d6 anh hudng chu yeu dén hoat tinh oxy hoa
khong phai tir ham luong hay cau triic mang vanadium ma chinh 14 qua trinh rutile hoa
bé mit chat mang.

3.4. Anh huéng ciia chit mang

Po chuyén héa Clorobezene trén V,05/A103 véi ham lugng
tdm V05 khdc nhau
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Chat mang c6 tac dung 1am nén cho xiic tac két tta 1én, c6 tinh bén co va lam ting
d6 bén cta xuc tac. Twong tac hoa hoc giita chit mang va cdu tir hoat dong xiic tac c6 thé
lam thay ddi kich thudc gitra cac phan tir trong xuc tac, ciu trac mang hay hoa tri trong
lién két, tir d6 c6 anh hudng truc tiép dén hoat tinh xtc tac. Viée ting bé mat hoat hoa c6
kha ning lam giam su nhay cua xuc tic véi chit doc, dong thoi giup bao vé xuc tac khoi
qua nhiét cuc bd gay két khi.

ALOs 13 chat mang c6 tinh bén co, c6 do xbp kha 16n 20 — 65%. Phuong phap tim
Vanadium trén chit mang Al,O3 c6 anh hudng rit 16n dén hoat tinh oxy hoa
Monochlorobenzene va tinh triét dé ctia phan tmg. Nong d6 vanadium tim trén bé mit
AlLyOj; c6 kha nang dinh hinh cac kiéu cAu truc mang khac nhau nhu sau: [8]

+ ham lugng vanadium thép x = 0.1 - 5%: tOn tai cAu truc mang tir dién
(tetrehedral)

+ x >5%: xuat hién ciu tric bat dién (octahedral) hodc vi tri polymer hoéa
bé mit nghia 13 hinh thanh tinh thé V,0s.

Theo d6, gia ting ham luong tim Vanadium s& tuong ung voi sy hinh
thanh pha V,0s dan dén hoat tinh xuc tic cang cao.
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Dua vao db thi, ta c6: 5%V/Al : ti.o = 440°

10%V/AL ti., = 293°
15%V/AL t, = 385°

Theo d6, kha ning oxy héa ciia cac mau xic tac khac nhau hoan toan, thé hién &
su chénh l&ch rét 16n gitra 3 duong biéu dién d6 chuyén hoa CB theo nhiét d6. Trong do,
10%V/ALO; c6 nhiét d6 mdi thip nhat va oxy hoa hoan toan Chlorobenzene & 550°C,
nguyén nhan cé thé do sy hinh thanh ciu trﬁc V,0s5 trén bé mat Al,Os 13 thuan loi nhét
cho qua trinh oxy héa. Bén canh do, ¢ hai mau con lai, co thé do phuong phap tong hop
cling nhu chua khéng ché tot mot sé didu kién phan img dan dén su xuét hién cdu trac
mang khong nhu mong mudn hodc kha ning phan tan ciu tir vanadium trén bé mat chat
mang thap, thé hién & d6 chuyén hoa hop chat Chlor khong cao.

Nhin chung, thuc nghiém cho théy xuc tac V,0s/Al,03 c6 hoat tinh oxy hoa kém
hon so véi xtic tac trén co s¢ TiO, dii van c6 tac dung cai thién dang ké qua trinh d6t chay
MCBz.

3.5. Anh huéng ciia kim loai mang trén xiic tic Vanadium

P chuyén héa Clorobenzene trén 10% V,05/TiO, mang kim loai
theo nhiét o
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Dua vao d thi, ta nhan thiy phwong phap tim bang cac dung dich chta cau tir
kim loai hoat dong 1én xuc tac V,0s/TiO, c6 tac dong manh me dén qué trinh oxy hoa
MCBz.

CAu tir hoat dong Co ton tai trén xuc tac dudi dang oxyt thuéc nhom kim loai
chuyén tiép c6 tac dung cai thién dang ké kha ning d6t chay MCBz so véi mau xuc tac
vanadium, dudng biéu dién d6 chuyén hoa dich hin vé phia trai, nhiét do light-off giam tur
325 xudng 250°C. Nguyén nhan c6 thé do oxyt cobalt dugc phan bd trén bé mit xic tic
thanh mot 16p mong dan dén su gia ting dién tich hoat dong, tir 46 ning cao kha ning oxy
hoa monochlorobenzene cua xtc tac. Nhu vay, tac dong twong ho giita cac pha hoat dong
clia XUcC tic mang cau tir kim loai la tich cyc va thuc déy qué trinh oxy héa dién ra tot hon.

Tlep tuc dua mot sd cAu tr hoat dong khac Ién xuc tac Co/V,0s5-TiO; (B), thuc
nghiém cho thdy cac két qua khac nhau rd rét. Cau tir ddng lam giam manh hoat tinh xuc
tac, t.o = 315°C; va oxyt bac khong c¢6 anh huéng 16n du ¢ lam ting sy ddt chay hoan
toan MCBz.

Trong khi dé, xtc tic mang Pt 1a dic biét tot cho qué trinh oxy hoa triét dé hop
chat chira Chlor. Sy anh hudng tich cuc ctia nhom kim loai quy 1én xtic tic mang kim loai
chuyén tiép thé hién o sy gia ting dang ké bé mat 1am viéc cua xdc tac, giup qua trinh
chay hoan toan xay ra cuc ky nhanh va hidu qua, t.., = 208°C va tx=100% = 450°C 1a t&i uu.
Ngoai ra, tudi tho cua xtic tac khong bi rut ngan va khong sinh ra cac san phim thir cip
ddc hai khac trong qué trinh khao sat. Day 1a mot thanh cong réat 16n cia cong trinh, trén
co s& do6 tién hanh cic hudng nghién ciru sdu rong hon cho qué trinh dbt chay triét dé
PCBs nhim dat duoc hiéu qua kinh té cao nht.
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Céc hé xtic tac trén co s vanadium duoc tong hop theo nhiéu phuong phap khéac
nhau 14 hoan toan thich hop cho phan tmg oxy héa triét & Monochlorobenzene ¢ nhiét do
thip do khong sinh ra san pham doc hai, tiét kiém dang ké nguudn nhién liéu dbt va giam
thiéu chi phi xtr 1y.

Ché d6 nhiét nung, phuong phap didu ché, ham luong vanadium, chit mang va
pha kim loai dua 1én xuc tac déu co tac dong truc tiép dén hoat tinh oxy hoa cua xuc tac.
400°C 1a nhiét do nung tdt nhat va Pt-Co/V,0s-TiO, 1a xuc tac téi wu. Mt khac, ham
lugng vanadium trén TiO; cang cao thi nhi¢t 6 light-off ciia phan tng cang thép, didu
nay dic biét c6 ¥ nghia ddi voi quy trinh xtr 1y khi thai cong nghiép do yéu té hiéu qua
kinh té.

Nhing két qua nghién ctru dat duoc 1a khao sat s0 bd ¢6 y nghia co ban, dat nén
tang cho hudng nghién ctru thyc tién va quy mo trong van dé oxy hoa triét dé khi thai
chira PCBs bang xtic tac hién nay nham bao vé doi song va stic khoe con ngudi.
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