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Tém tit. Than hoat tinh xuc tdc (Me/THT) dugc ché tao tir than hoat tinh (THT) dugc phan tén
mot lugng nhoé (vai % khéi lugng) cac kim loai chuyén tiép Me. V4t liéu Me/THT c¢6 dung lugng
hép phu phenol tvong ty nhu THT ban diu. Song, sau khi hip phy bdo hda, (Me/THT)gy c6 thé
dugc hoan nguyén dé dang voi H,0, & nhiét 46 thép 40°C, khéng tao ra san pham phy khéc, ngoai
CO, vi H,0, dung lugng hép phy phenol vin dugc bao toan sau nhiéu 1an hoan nguyén. Phan img
hoan nguyén cé tdc 46 kha 16n va tudn theo djng hoc béc khdng véi phenol va H,0,.

1. M& dau

Nhu moi nguoi da biét [1], than hoat tinh
(THT) la vat liéu hap phy tot cac hgp chat hiru
co nhu phenol, xylen, etylen glycol .... trong
moéi trudng nudc. Tuy nhién, nhugc diém 1on
nhét cia THT la khé hoan nguyén sau khi hap
phu bdo hoa.

Hi¢n nay, ngudi ta sir dyng 3 phuong phap
phd bién dé hoan nguyén THT [2-4]): nhiét, sinh
hoc, hoa hoc. Phuong phap nhiét cin dugc thye
hién & 700 -1100°C, nén ton nang lugng va gy
ton that 5-15% kI (kl: khodi lugng) ciia than
trong mdi lan hoan nguyén. Phuong phap sinh
hoc thuomg khong higu qua vi toc do cham,
nhit 1a khi néng dd chit 6 nhiém cao, cic vi
sinh vat dé bj ngd ddc. Phirong phap héa hoc sir
dung tac nhan oxy héa manh nhu H,0,, O; ... td
ra kha trién vong, song con dat va phirc tap (vi
gia cao cua cac tac nhian oxy hoéa, vi phai sir
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dung cac bi¢n phap hoat héa nhu: UV-Vis, laser
).

Gén day[5], nguoi ta phat hién ring, néu sir
dung H,0, vé&i sir hé trg clia cac tdm xuc tac
Me(Me: hé kim loai chuyén tiép) duge ‘gan’
truc tiép 1én bé mat ciia THT dé tao ra mot hé
xuc tac (Me/THT) thi qua trinh hoan nguyén tro
nén thuan lgi hon nhiéu so vdi cac phuong phap
ke trén.

Néu tim dugc phuong phap hoan nguyén
THT da hap phy bdo hoa (THT)gy mét cach
hiéu qua (dung lugng hip phu giam khéng dang
ké, s0 lan hoan nguyén 16n) thi viéc sir dung
THT cho muc dich xir ly nuédc, nude thai by 6
nhiém chat hiru co la rat kinh té, thyc té va kha
thi.

Trong nghién ciru nay, mot s két qua
nghién ciru vé hoan nguyén xuc tic (THT)gy s&
dugc trinh bay, nhim mot mat, 1am rd tinh hiéu
qua ctia phuong phap, mit khéac, bude dau lam
sang to mdt vai y twdng khoa hoc cia phan (mg
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oxy héa xic tac dj thé 16ng-rin trong qua trinh
hoan nguyén do.

2. Thue nghiém

2.1. Vat liéu hd'p phu, hap phu -xuc tdc

Vit liéu hap phu dugc chon la THT Tra Béc
Viét Nam. Cac dic trung co ban [6] cua than
nhu sau:

- B& mit riéng,S per =1021 m%/g.

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

- Thé tich mao quan tdng céng, V = 0,56
cm’/g.

Nhu vy, THT Tra Bic co thé hdp phy cac
phan tir c6 kich thuéc < 20A nhu benzen,
xylen, trimetyl benzen, toluen, phenol ...

Vit liéu hép phu-’xﬁc tac: vat liéu hép phy
néi trén (THT Tra Bic), dugc phén tan I1én bé
mit cua ndé 1-2% ki chat hoat dong xuc tac
(Me). Vat liéu nay dugc ky hiéu Me/THT hoic
vat ligu HP-XT: vi ban than no vira cé tinh hap
phy, vira la chat xiic tic cho qua trinh hoan
nguyén

2.2. Hip 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 hip phu (q) duge tinh
nhu sau:
c,-C -

g=—"—"5.10"" [mg/g]

Trong d6, C, : ndng d6 phenol ban dau [mg/i]
Cyan : ndng d¢ phenol & 72h [mg/1]
m : lugng chit Me/THT [g]

2.3.Hoan nguyén Me/THT bdo hoa (Me/THT)py

2g (Me/THT)gy dang hat (1-1,5mm) dugc
phan tan vao 100ml nuéc cit 40 °C, khudy tron
lién tyc va thém nhanh mét lugng H,0, cin
thiét du 1,5 lan so vdi phan (mg. Sau nhimg

khoang thoi gian nhat dinh, _mc‘)t lugng nho
dung dich dugc ldy ra (1ml) dé xac dinh nong
d¢ phenol, H,0,. Théi gian hoan nguyén la 4h.

2.4. Xdc dinh nong dg phenol va H,0,

Nong 46 phenol, H,0, va cac hgp chat
trung gian khac dugc xac dinh bing ky thuit
sic ky 16ng cao ap (HPLC) trén may LC-20AT
Shimadzu Nhét Ban voi detector SPD -20H va
RF -10 Ax,.

2.5.Phdn tich nhi¢t bang DTA/TGA

Ky thuit TGA/DTA ciing duge sir dung dé
kiém tra gia trj dung luong hap phy cia phenol
theo quan hé TG=f(T). Thiét bj TGA/DTA
dugc s dung 1a may DSC 131 héang
SETARAM -France.

3. Két qua va thdo ludn

3.1. Hoan nguyén (Me/THT) gy

Vit liéu (Me/THT)g;; 43 hap phy bdo hoa
phenol nhu & muc (2.2). Sau d6, duoc hoan
nguyén nhu & myc (2.3).

Hinh 1 trinh bay két qua hoan nguyén cia
vit li¢u (Me/THT)gy vai H,0, trong cac chu ky
hip phu-hoin nguyén lién tiép.
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Hinh 1. Sy bién d6i dung lugng hép phu q theo s6
1An hoan nguyén.
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Tir hinh 1 nhan thdy ring, dung lugng hip
phu cia THT hau nhu khéng thay ddi dang ké
trong cac lan hoan nguyén. Diéu d6 chimg to
ring H,0, di:

- phan (mg v&i hau hét cac phan tir phenol
da bj than hip phy, giai phéng gan nhir toan b
cac tam ha‘ip phy trén bé mit than.

- phan {ng giira H,0, va phenol hap phy
[phenol},, khong giy ra su pha huy cau tric
hinh hoc va bién déi tinh chdt héa ly caa THT
ban dau.

Pic biét trén sic ky dd HPLC cia dung
dich hoan nguyén chi cé 2 pic phenol va H,0O,
khong co cac san pham trung gian nhu quinol,
catechol, hidroquinol ... nhur truong hop xay ra
trén Fe-ZSM-5 [7]. Diéu dé ching té ring,
phan (mng gita H,0, va phenol hap phu
[phenol]y, trén Me/THT c6 d§ chon loc cao dbi
véi CO,, H,0, do d6 rét thuan lgi cho viéc bao
vé€ moi truong.

3.2. Phan {rng H,0, véi phenol xay ra & dau?

Truéc hét, mot thuc nghiém ngidm chiét
phenol tir vat hiéu (Me/THT)gy da dugc thyc
hién nhu sau:

2g(Me/THT)gy duge ngim & khudy tron
lién tyc trong 100ml nudc cat. Néng do phenol
trong pha long dugc theo doi bing ky thuat
HPLC va dugc ghi lai nhu trén hinh 2.

! | | ~
i T >
30 60 90 120 150 Tndi gian (phit)

Hinh 2. Ndng 46 phenol (mol/l) trong nuéc chiét
theo thoi gian.

Tir hinh 2 nhén thdy ring, phenol da ‘bi tach
ra khoi bé mit than, sau 60 phat thi nong d¢
phenol dat cin bing (7,8.10°mol/l). Nhu vay,
sau 60 phut phenol da thoat hét tir THT vao
dung djch, hodc chi mét ph?m phenol bj khuéch
tan ra khoi mao quan than hoat tinh?

Biét ring, dung lugng hdp phy cila
Me/THT, q =180mg/g (cac két qua xac dinh q
déu kha phi hop giira TGA/DTA va phan tich
HPLC). Vay trong than chira m{t lugng phenol
1a: :

Mphenol, THT = 180mg/g X 2g = 360mg

Lu¢mg phenol di vao trong dung djch la:
Mgphenol, 1 = 7,18.107.10°.107.94 = 67,49mg

Nhu vay % khoi lugng phenol tir than di
vio dung dich so v&i lugng phenol bj hap phu
trén THT la:

o= 67":)9100 =19%

C6 thé hiéu ring, khoing 19% phenol hip
phu vat ly, lién két yéu véi bé mat THT da bj
hoa tan vao nudc, con 81% phenol van bj giir
lai trong than.

o Mpt thuc nghigm khdc dwgc tién hanh
nhir sau:

100 ml dung dich véi nong d phenol
7,5.10” mol/l dugc thém H,0, (diéu kién thyc
nghi¢m nhu trén).

Cac két qua nhan duge nhu & bang 1.

Bang 1. Nong d¢ cia phenol va H,0, & cAc thoi gian

khac nhau
Thei Nong d phenol Néngdé H,0,
gian(phat)  (mol/1) {mol/T)
30 7,4586. 10° M 0,136 M
150 7,4330. 10° M 0,134 M

Tir bang 1 c6 thé khing dinh ring, H,0,
khong co tac dung v&i phenol trong pha long, &
40 °C, trong sudt 150 phut.
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o Mpt thuc nghigm khdc voi (THT)py

(khéng co xac tdic Me):

2g (THT)gy, 100m! nudc cat, H,0,, khuady
lién tuc, & 40 °C.

Theo doi n6ng d6 cua phenol & H,0, trong
dung dich cho két qua nhu sau (béng 2)

Bang 2. Ndng 46 cua phenol & H,0, dung djch chira

(THT)bh & H,0,
Thoigian  Ndng d6 phenol Nong 46 H;0,
(phiit) (mol/1) (mol/1)
30 8,9892. 10°M  0,1226 M
150 10,2900.10° M 0,1224 M

Nghia 13, véi THT khong chira Me, thi phan
tmg hoan nguyén xic tac (oxy hoéa xic tic trén
than) khong xay ra.

e Hodn nguyén xic tic (Me/THT)gy voi

H,0,

Thyue nghiém nidy dugc td chirc tuong ty
nhu vai (THT)BH
K&t qua nhan dugc nhu trén hinh 3
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Hinh 3. Sy phu thugc clia néng d6 phenol va H,0,
trong dung dich hoan nguyén vét li¢u (Me/THT)BH
bang H202.

Tu hinh 3 nhén thay ring, ndng d¢ phenol
trong pha long giam xudng ro rét (nhung chic
chin khéng phai do phan img v&i H,O, trong
pha long, nhur d thay & trén). Sy giam d6 1a do
phenol bj hdp phy lai trén Me/THT. Thyc vay,

vi do H,0, da phan img véi (phenol)y, gidi
phéng mét s6 tim hap phy trén than.Do
d6,phenol c6 thé hap phy trén cac tim d6 . Do
déc cua 2 dudng cong ndng d phenol va nong
d¢ H,0, theo thdi gian trén hinh 3 khac nhau rd
rét. Diéu d6 cang chimg t6 khong c6 phan img
ddng thé xay ra giira H,0, va phenol. Hon nira,
tai thoi diém 90 phat hau nhu phenol trong pha
long da khong con nira, nhung néng d6 H,0,
van khé 16n va tiép tuc giam dén trén 150 phit,
nghia 1a H,O, van tiép tuc xam nhdp vio pha
ran (Me/THT) d¢ phan tmg vdi (phenol),.

Dén diy chiing ta c6 thé két luan rang;

Phan Umg hoan nguyén xic tac véat li¢u
(Me/THT )gy v&i H;0, xay ra & trén bé mat
THT chira kim loai xtc tic Me. H,0, xadm nhip
vio pha rin THT tic dung véi (phenol)y, trén
bé mit than. Nhd sy hd trg ciia cac tim xic tac
Me, ma phan irng hoan nguyén xay ra kha triét
dé (giai phong hét cac phan tir phenol di bj hap
phy), tao ra CO,, H,O, khong hinh thanh cac
hop chét trung gian khac, va bao toan céu tric
THT (dung lurgng hap phu gin nhu khong dbi)

Piy 1a phuong phap hoan nguyén rét hiéu
qua, kinh té va co thé goi !a qua trinh hoan
nguyén ‘‘xanh’’.

3.3. Déng hoc hinh thirc qua trinh hoan nguyén
xuc tac

Tir hinh 3, mét dicu kha tha vj 1a, sy bién
dbi néng dé H,0, hau nhu tudn theo quy luat
tuyén tinh.

Phan ung:

C¢HsOH + 14H,0;, ——» 6CO,,17H,0

(xuc wdc Me THT)
Téc 46 phan img:
dCH,Oz

v= —— 2% g

dt
vi hé sb ty lugng B = 14, nén co thé viét:
Coperas _ 1 i, _ 1
dt 14 dt 14
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Vo, =

3,67-0,07
——x0,1
2(150 - 60)
=0,002mol/g.pht
Vinoz = 120 mmol/g.h

Phan (mg hoan nguyén xuc tac phenol trén
vét liu Me/THT xay ra theo quy luat dong hoc
bac khong véi HyO, va véi phenol. Gia tri toc
d6 (hing sb toc d0) duge xac dinh la:

Vphenol = 120><1i4 mmol/g.h = 8,57 mmol/g.h

Vohenol = 8,57%94.10%g/g.h

Vpheno! = 805,7mg phenol/ h.g xictdc

3.4. Dé nghi vé co ché phdn img

Cac thye nghiém trén chimg té rang phenol
va H,0; dugc he‘lp phu trén than bdi 2 loai tim
khac nhau: phenol trén cac tdm cua THT; H,0,
trén cac tam Me

Dya vio co ché Langmuir - Hinshelwood ta

co thé viét biéu thire toc do phan img:
v= k.Gphcml.B H202

Vi k: hiang s6 téc do

Ophenor:dQ hap phy phenol

01202 : 46 hap phy cua H,0,

Luu y rang, vi phenol va H,O, hap phuy trén
2 loai tam khac nhau, giira phenol va H;0,
khong cé hap phy canh tranh, do d6:

K phenol

1+ K

Cpﬁrnoa‘ % K H,0, CH 10y

C 1+ Ky.0,Co,
Gia thiét ring cac gia trj:
K C

K}r’,r;: CH:('J: >>1

phenol ™ phenol

phenol >>1

phenol.

nén v=k

Két qua nay hoan toan phu hop véi thyc
nghiém trén myc 3.3

Do d6, c6 thé dé ra mot so d6 phan img
hoan nguyén xuc tac nhu sau:

Me/ THT

Trén Me, H;0O, tao ra *OH, sau d6 *OH di
chuyén dén cac phan tir phenol hdp phy trén bé
mjt dé phan tmg: (phenol)hp + *OH -> san
pham

Qua trinh ndy xay ra rat nhanh nén khéng
la giai doan quyét dinh tdc d phan (mg, ma la
giai doan hap phuy.

Cubi cing, van dé co ché phan tir
(molecular mechanism) vé sy hinh thanh *OH
trén Me, ban chat xic tac cua Me, phan {mg
giita *OH va phenol hap phy, ... [a rat Iy thi va
c6 y nghia hoc thudt siu sic. Van dé nay sé
dugec trinh bay trong cac nghién ciru tiép theo.

Két ludn

1. H¢ hip phy-xiic tic Me/THT c6 kha nang
hap phy t6t phenol va c6 thé hoan nguyén bang
H,0; rat thuan lgi, & nhiét do thap, khéng tao ra
san phim 6 nhiém thir cAp.

2. Phan (ng hoan nguyén xhc tic cua
phenol bing H,O, xay ra trén bé mat THT la
phan {mg xuc tic dj thé long-ran, c6 bac phan
img bang khong véi phenol va H,0,.

3. Hé¢ hap phy-xuc tac Me/THT cé dung
lugng hap phu phenol hau nhu khéng dbi sau
nhiéu lan hoan nguyén. D6 la h¢ vat ligu co
trién vong trong cong nghé xur ly cac 6 nhiém
hitu co trong méi truong 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 (Mc/AC) was prepared from aclivated carbon (AC), vu 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,0, 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.



