Tap chi Khoa hoc PHQGHN, Khoa hoc Ty nhién va Cong nghé 25 (2009) 75-80

Hoan nguyén than hoat tinh bang phuong phap oxy hoa
xtc tac di thé 1ong - ran

Tran Vin Hung"*, Trdn Thi Kim Hoa', Nguyén Thi Thu® Nguyén Hitu Phi'

IVién Hoa hoc, Vién Khoa hoc va Cong nghé Viét Nam, 18 Hoang Qudc Viét, Ha Noi, Viét Nam
’Khoa Héa hoc, Truong Pai hoc Su pham Ha Noi, 136 Xudn Thuy, Ha Noi, Viét Nam

Nhan ngay 29 thdng 10 ndm 2008

Tém tit. Than hoat tinh xic tdc (Me/THT) dugc ché tao tir than hoat tinh (THT) dwoc phan tan
mot luong nho (vai % khéi Iuong) cac kim loai chuyén tiép Me. Vat liécu Me/THT c6 dung lugng
hap phu phenol tuong ty nhu THT ban dau. Song, sau khi hip phu bio hoa, (Me/THT)gy c6 thé
duoc hoan nguyén dé dang véi H,0, & nhiét d¢ thap 40°C, khdng tao ra san pham phu khac, ngoai
CO, va H,0, dung lugng hip phu phenol van dugc bao toan sau nhiéu lan hoan nguyén. Phan g
hoan nguyén c6 toc do kha 16n va tuén theo dong hoc bac khong véi phenol va H,0,.

1. Mé diu

Nhu moi nguoi da biét [1], than hoat tinh
(THT) 1a vat lidu hip phu tét cac hop chit hiru
co nhu phenol, xylen, etylen glycol .... trong
mdi trudong nude. Tuy nhién, nhuge diém 16n
nhét cia THT la khé hoan nguyén sau khi h?ip
phu bao hoa.

Hién nay, nguoi ta sit dung 3 phuong phép
phé bién dé hoan nguyén THT [2-4]: nhiét, sinh
hoc, héa hoc. Phuong phap nhiét can dugc thuc
hién & 700 -1100°C, nén ton ning lugng va giy
tén that 5-15% kl (kI: khéi lugng) cia than
trong mdi 1an hoan nguyén. Phuong phdp sinh
hoc thuong khong hidu qua vi tbc do cham,
nhét 12 khi ndng d6 chat 6 nhidm cao, cic vi
sinh vat dé bi ngd doc. Phuong phip héa hoc sfr
dung tac nhan oxy héa manh nhu H,0,, O; ..
ra kha trién vong, song con dat va phuec tap (V1
gid cao cua cdc tdc nhan oxy hda, vi phai st
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dung cdc bién phédp hoat héa nhu: UV-Vis, laser
)

Gan day[5], ngudi ta phat hién rang, néu sir
dung H,O, véi su hd trg ciia cdc tAm xic tic
Me(Me: hé kim loai chuyén tiép) duoc ‘gén’
truc tiép 1én bé mat cua THT dé tao ra mot hé
xtc tac (Me/THT) thi qué trinh hoan nguyén tr&
nén thuén loi hon nhiéu so véi cic phuong phép
Kké trén.

Néu tim dugc phuong phap hoan nguyén
THT da hép phu bao hoa (THT)gy mot cach
hiéu qua (dung luong hap phu giam khong dang
ké, s6 1an hoan nguyén lon) thi viéc st dung
THT cho muyc dich xr 1y nudc, nude thai bi 6
nhiém chét hiru co 12 rat kinh té, thuc té va kha
thi.

Trong nghién cliu nay, mot s két qua
nghién cuu vé hoan nguyén xuc tac (THT)py s&
duogc trinh bay, nhim mot mat, 1am o tinh hiéu
qua cua phuong phdp, mat khdc, budc dau lam
sdng té mot vai y tuong khoa hoc cua phan tng
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oxy hoa xuc tic di thé lc’)ng-rén trong qué trinh
hoan nguyén dé.

2. Thyc nghiém

2.1. Vit liéu hap phu, hap phy -xiic tdc

Vit lidu hip phu duoc chon 1a THT Tra Bic
Viét Nam. Céac dic trung co ban [6] cua than
nhu sau:

- Bé mit riéng,S ger =1021 m*/g.

- Pudng kinh trung binh mao quan, d =
20A

- Thé tich mao quan téng cong, V = 0,56
cm’/g.

Nhu vay, THT Tra Bic c6 thé hap phu cic
phin tir cé kich thuéc < 20A nhu benzen,
xylen, trimetyl benzen, toluen, phenol ...

Vit lidu hép phu-xiic tic: vat liéu hip phu
néi trén (THT Tra Bac), ’duoc phan tdn Ién bé
mat cua né 1-2% kl chat hoat dong xic tac
(Me). Vat li€u nay duogc ky hiéu Me/THT hoac
vat liéu HP-XT: vi ban than né vira cé tinh hap
phu, vira 1a chat xic tdc cho qud trinh hoan
nguyén.

2.2. Hd'p phu phenol

2g Me/THT dang hat(1-1,5mm) dugc phan tan
vao 100ml dung dich nuéc 5g phenol/l, 40°C
trong 72h. Lugng phenol hép phu (q) dugc tinh
nhu sau:

q= Co=Com 107 [mg/g]

m
Trong d6, Cy : ndng do phenol ban dau [mg/1]
Cyan : ndng d6 phenol ¢ 72h [mg/1]
m : lugng chét Me/THT [g]

2.3.Hoan nguyén Me/THT bédo hoa (Me/THT )y

2g (Me/THT)gy dang hat (1-1,5mm) dugc
phan tdn vao 100ml nudc cit 40 °C, khudy tron
lién tuc va th€m nhanh mot lugng H,0, can
thiét du 1,5 1an so véi phan tmg. Sau nhiing

khoang thoi gian nhat dinh, mot luong nho
dung dich dugc lay ra (1ml) dé x4ac dinh nong
d6 phenol, H,O,. Thoi gian hoan nguyén la 4h.

2.4. Xdc dinh néng do phenol va H,0;

Nong d6 phenol, H,0, va cic hop chat
trung gian khic duogc xdc dinh bang ky thuat
sic ky 1ong cao 4p (HPLC) trén mdy LC-20AT
Shimadzu Nhat Ban véi detector SPD -20H va
RF -10 Ax;.

2.5.Phan tich nhiét bang DTA/TGA

K¥ thuat TGA/DTA ciing dugc st dung dé
kiém tra gid tri dung luong hap phu ciia phenol
theo quan hé TG=f(T). Thiét bi TGA/DTA
dugc su dung la mdy DSC 131 hang
SETARAM -France.

3. Két qua va thio luin

3.1. Hoan nguyén (Me/THT) gn

Vit liéu (Me/THT)zy da hip phu bdo hoa
phenol nhu ¢ muc (2.2). Sau d6, dugc hoan
nguyén nhu & muc (2.3).

Hinh 1 trinh bay két qua hoan nguyén cta
vat liéu (Me/THT)gy voi H,O, trong cac chu ky
hip phu-hoan nguyén lién tiép.

Dung lugng hip phu q(mg/z)

Hinh 1. Sy bién q& dung lugng hap phu q theo s6
lan hoan nguyén.
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Tt hinh 1 nhan théy rémg, dung luong hép
phu ctia THT hau nhu khéng thay d6i dang ké
trong cac lan hoan nguyeén. Diédu d6 ching t6
rang H,0, da:

- phan ung voi hau hét céc phan tir phenol
da bi than hap phu, glal phéng gan nhu toan bd
céc tam hap phu trén bé mit than.

- phan Ung gitta H,O, va phenol héip phu
[phenol],, khong gdy ra sy phd huy cau triic
hinh hoc va bién déi tinh chét héa 1y caa THT
ban dau.

Dic biét trén sic ky d6 HPLC cua dung
dich hoan nguyén chi ¢6 2 pic phenol va H,O,
khong ¢6 céc san phim trung gian nhu quinol,
catechol, hidroquinol ... nhu trudng hop Xay ra
trén Fe-ZSM-5 [7]. Diéu d6 chung té ring,
phan tUng gitta H,O, va phenol hap phu
[phenol]y, trén Me/THT c6 d chon loc cao dbi
v6i CO,, H,0, do d6 rét thuan loi cho viéc bao
v€ moi truong.

3.2. Phén tmg H,0, v6i phenol xay ra & dau?

Trugc hét, mot thuc nghiém ngim chiét
phenol tr vat liéu (Me/THT)gy da duogc thyc
hién nhu sau:

2g(Me/THT)gy dugc ngim & khuéiy tron
lién tyc trong 100ml nuée cat. Nong do phenol
trong pha long dugc theo ddi bing ky thuat
HPLC va dugc ghi lai nhu trén hinh 2.

s K"

0 1

I T |}
30 60 90 120 150 Thoi gian (phiit)

Hinh 2. Nong d¢ phenol (mol/l) trong nuéc chiét
theo thoi gian.

Tir hinh 2 nhén thdy ring, phenol di bi tach
ra khoi bé mat than, sau 60 phit thi nong do
phenol dat can bang (7,8.10’3m91/1). Nhu vay,
sau 60 phit phenol da thodat hét tw THT vao
dung dich, hodc chi mdt phan phenol bi khuéch
tan ra khoéi mao quan than hoat tinh?

Biét réng, dung lugng hép phu cua
Me/THT, q =180mg/g (cac két qua xic dinh q
deéu kha phu hop gitta TGA/DTA va phén tich
HPLC). Vay trong than chira mot lugng phenol
la:

Mphenol, THT = 180mg/g X Zg = 360mg

Luong phenol di vao trong dung dich la:
Myheno, L = 7,18.10°.10°.10".94 = 67,49mg

Nhu viy % khéi lwong phenol tir than di
vao dung dich so véi lugng phenol bi hap phu
trén THT la:

o= wloo =19%
360

C6 thé hiéu rang, khoang 19% phenol hip
phu vat 1y, lién két yéu véi bé mat THT da bi
hoa tan vao nudc, con 81% phenol van bi giit
lai trong than.

® Mot thuc nghiém khdc dwoc tién hanh
nhw sau:

100 ml dung dich voi néng‘ do phenol
7,5.10° mol/l dugc thém H,0, (diéu kién thuc
nghiém nhu trén).

Céc két qua nhan dugc nhu ¢ bang 1.

Bang 1. Nong d6 cia phenol va H,O, & céc thoi gian

khac nhau
Thoi Nong do phenol Nongdo H,O,
gian(phit)  (mol/l) (mol/1)
30 7,4586.10° M 0,136 M
150 7,4330. 10° M 0,134 M

Tir bang 1 ¢6 thé khing dinh ring, H,O0,
khong c6 tac dung véi phenol trong pha long, ¢
40 °C, trong sudt 150 phiit.
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o Mpt thuc nghiém khdc voi (THT)py
(khong cé xiic tdac Me):

2g (THT)gy, 100ml nude cét, H,0,, khudy
lién tuc, & 40 °C.

Theo doi népg d6 cua phenol & H,0, trong
dung dich cho két qua nhu sau (bang 2)

Béng 2. Nong d¢ cta phenol & H,0, dung dich chira

(THT)bh & H,0,

Thoi gian Nong do phenol Nong do H,O,
(phuit) (mol/l) (mol/l)

30 8,9892.10° M  0,1226 M

150 10,2900. 10° M 0,1224 M

Nghia la, v6i THT khong chira Me, thi phan
rng hoan nguyén xic tic (oxy héa xuc tic trén
than) khong x4y ra.

e Hoan nguyén xic tic (Me/THT)gy voi

H,0,

Thyc nghiém nay dugc td churc tuong tyu
nhu véi (THT)gy

Két qua nhan dugc nhu trén hinh 3

4 0.4
B 3.5
i SF
§ 25 \ 0 é
E 2 o)
z 02 %
15 \ E
S \0\ S 0,135
0.5 % 0.05
0 _,A___Qg_

30 60 90 120 150

Thoi gian (phut)

Hinh 3. Su phu thudc cua n6ng d6 phenol va H,0,
trong dung dich hoan ‘nguyén vat liéu (Me/THT)BH
béng HQOQ.

Tt hinh 3 nhan théiy réng, néng dd phenol
trong pha 1dng giam xuéng rd rét (nhung chic
chin khong phai do phan tmg véi H,O, trong
pha 16ng, nhu di thay & trén). Sy giam d6 1a do
phenol bi h?ip phu lai trén Me/THT. Thyc vay,

vi do H,O, da phan ung véi (phenol)y,, gidi
phéng mot s6 tam héip phu trén than.Do
d6,phenol c6 thé hip phu trén cdc tim d6 . Do
déc ctia 2 duong cong ndng do phenol va ndng
d6 H,O, theo thoi gian trén hinh 3 khac nhau rd
rét. Didu d6 cang chimg té khong ¢6 phan ung
ddng thé xay ra giita H,O, va phenol. Hon nita,
tai thoi diém 90 phit hau nhu phenol trong pha
long da khong con nita, nhung ndng d6 H,O,
van kh4 16n va tiép tuc giam dén trén 150 phit,
nghia 13 H,O, van tiép tuc xam nhdp vao pha
ran (Me/THT) dé phan tmg véi (phenol)y,.

bén day ching ta c6 thé két luan réng:

Phan mg hoan nguyén xic tic vét li¢u
(Me/THT)gy voi H,O, xay ra & trén bé mat
THT chira kim loai xtic tdc Me. HyO, xam nhép
vao pha rin THT tic dung véi (phenol),, trén
bé mit than. Nho su hd tro ctia cic tAim xdc tic
Me, ma phan ung hoan nguyén xay ra kha triét
dé (giai phong hét cdc phén tir phenol da bi hap
phu), tao ra CO,, H,0O, khong hinh thanh cic
hop chit trung gian khac, va bao toan cAu tric
THT (dung lwong hdp phu gin nhu khong ddi)

bay 1a phuong phap hoan nguyén rat hiéu
qua, kinh té va c6 thé goi 12 quéd trinh hoan
nguyén ‘‘xanh’’.

3.3. Béng hoc hinh thitc qud trinh hoan nguyén
xtic tdc
~ Tir hinh 3, mét diéu khd thd vi 13, sy bién
doi ’néng d6 H,O, hau nhu tuin theo quy luéat
tuyén tinh.
Phan Umg:
C¢HsOH + 14H,0, —» 6CO,,17H,0

(xtic tdc Me/THT)

Tdc d6 phan tng:
dcC
v= —— 0% _p
dt
vi hé s6 ty luong B = 14, nén c6 thé viét:
dehenol — LX dCH202 _ i

dt 147 dt 14
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3,67-0,07

Vo =k= ————X0,
2 2(150-60)
=0,002mol/g.phuit

Vo2 = 120 mmol/g.h

Phan tng hoan nguyén xtc tac phenol trén
vat liéu Me/THT xay ra theo quy ludt dong hoc
béc khong voi H,O, va véi phenol. Gia tri tdc
do (h@“mg s6 tdc do) duge xdc dinh 1a:

1
Vphenol = IZOXa mmol/g.h = 8,57 mmol/g.h

Vphenol = 8,57x94.107g/g.h

Vphenol = 805,7mg phenol/ h.g xtictdc

3.4. Bé nghi vé co ché phan img

Céc thuc nghiém trén chung td réng phenol
va H,O, dugc hép phu trén than béi 2 loai tAm
khiac nhau: phenol trén cic tam cia THT; H,0O,
trén cdc tam Me

Duya vao co ché Langmuir - Hinshelwood ta
c6 the viét biéu thuc toc do phan tng:
V = K.Bphenot-0 1202
Vi k: hing s toc do
Ophenot:d0 hép phu phenol
Binoo : d6 hip phu cua H,0,

Luuy réng, vi phenol va H,0, h?ip phu trén
2 loai tﬁm’ khac nhau, gitta phenol va H,O,
khong c6 hap phu canh tranh, do dé:

_ phenot.C phenot Ki1,0,Chy0,
14K 1. Copenas 1+ K 1,0,C 0,
Gia thiét ring cic gid tri:
K C >> 1

phenol.

KHZOZCHZO2 >> 1

phenol

nén v=k

Két qua nay hoan toan phu hgp voéi thuc
nghiém trén myc 3.3

Do d6, c6 thé dé ra mot so dd phan tmg
hoan nguyén xtc tdc nhu sau:

2 &
©© O

//////

Me/ THT

Trén Me, H,0, tao ra *OH, sau @6 *OH di
chuyén dén cic phén tr phenol h?ip phu trén bé
mit dé phan tng: (phenol)hp + *OH - san
phém

Qua trinh nay xay ra rit nhanh nén khong
1a giai doan quyét dinh tdc d6 phan tng, ma Ia
giai doan hip phu.

Cudi cing, van d& co ché phan tir
(molecular mechanism) vé su hinh thanh *OH
trén Me, ban chit xiic tic cua Me, phéan tng
gitta *OH va phenol hép phy, ... 1a rit Iy thii va
c¢6 y nghia hoc thuat siu sic. Van dé nay s¢
duoc trinh bay trong cdc nghién ctru tiép theo.

Két luan

1. H¢ héip phu-xuc tdc Me/THT c6 kha nang
héip phu tot phenol va cé thé hoan nguyén béng
H,0, rat thuan loi, ¢ nhiét do théip, khong tao ra
san phdm 6 nhiém thir cAp.

2. Phan Umg hoan nguyén xic tic cua
phenol béng H,0, xay ra trén bé mat THT la
phan ung xic tic di thé l(’)ng-rén, ¢ bac phan
{rng bang khong véi phenol va H,0,.

3. H¢ héip phu-xic tic Me/THT cé dung
lwong hip phu phenol hiu nhu khong ddi sau
nhidu 1an hoan nguyén. D6 1a hé vat liéu c6
trién vong trong cong nghé xir Iy cdc 6 nhiém
hiiu co trong mdi trudng nude.
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Regeneration of spent activated carbon by heterogeneously
oxidative catalysis in the liquid-solid medium
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Catalytic activated carbon (Me/AC) was prepared from activated carbon (AC), on which a small
amount of transition metals was dispersed. Me/AC material possesses the adsorption capacity as high
as that of virgin AC. Moreover, the spent Me/AC was easily regenerated by H,O, under very mild
condition (40°C, atmospheric pressure), the adsorption capacity was negligibly decreased after many
regenerated cycles. Kinetics of catalytic reactions of spent (Me/AC) material with H,O, is following
the zero order with respect to both phenol and hydrogen peroxide.



