
Phdn hriy toluen trong dung dich bdng phucmg ph6p siOu 6m
k6t hqrp vOiHzOz

Nguy6n Thi Hel'*, Luu Minh Loanr, Nguy6n Quang Trung2, Ngd VAn Anhr
I Khoa M6i trudng, Trudng Dqi hqc Khoa hqc Tu nhi6n, DHQGIIN, 334 Nguydn Trdi, Hd N\i, Vi€t Nam

'Iri4n C6rg Khoa hpc vd C6ng nghQ ViQt Nam,
t, Hd N1L Vi€t Nam

Nhfn ngiy 2l th{ng4ndm2009

T6m tit. Trong nghi-6n criu ndy toluen duo. c ph6n hriy bdng phuong ph6p si6u am k6t hsp vF
H2O2. C6c th6ng s6 t6i uu vd hiQu qua "* qqu t nh xri ry <luqc tlinh gi6. Thi nghiQm. tluo. c ti&r
hanh voi Sonorex d t6n dQ toluen ban <16u 4lppm.
Lugng IIz li 0; 34; 85; 17 m. Anh hudng cua pH dung
dich tlugc 3; 6 vd 10. K6t hriy toluen ttpt hipu qu6 cao
hon k'hi ting luqng H2O2 b pH t5i uu 6. Sau 120 phrit phan img, hiQu qua phAn hriy toluen d4t
45,lyo voi hdm luqng H2O2 l70ppm, cao hon so voi khi kh6ng c6 m4t HzOz (chi ttgt 27,6%).
C6c ki5t qua nghiGn crlu ttQng hgc cho th6y qf phdn hriy toluen tudn theo phuong tinh ttQng hgc
bOc 1.
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l.MO,Aiu

Toluen li mQt trong c6c VOCs dugc sri
dung ph6 bii5n trong nhi€u nginh c6ng nghiQp

nhu h6a ch6t, h6a diu, son, v.v. Sg c6 mflt cria
toluen trong m6i truong do c5c ngudn phSt thii
sE gdy 6 nhi6m cho ngudn tii5p nhin vd anh
huong d6n sric L*r6e con nguoi khi bi phoi
nhi6m do ttQc tinh vi sg bAn vEng cua toluen
trong mdi truong.

C6c phuong ph6p logi b6 toluen truyAn
thdng li thi6u ttt5t, h6p phqr, h6p thp vd ngrmg
tU.Tuy nhi6n c6c phuong ph6p ndy c6 nhiAu

nhuo. c di6m. Phuong ph6p thi€u tt6t phdi tlugc
thgc hiQn d nhiet dQ cao, do tl6 ddi h6i nhiAu

--
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ning luqng. Phuong ph6p h6p phu can viSn ttdu

tu lon, chi phi v|n hanh cao vd vdn c6 thC gay

ra 6 nhi6m. Phuong ph6p h6p thu vi ngrmg tp
gioi han xrl $ c6c VOCs d ndng dQ th6p. Do
vfly vi-6c tim ra mQt phuong ph6p hiQu qui d6

phdn hriy hqp ch6t ndy li r6t can thirit. Cac

phuong ph6p oxy h6a ti6n ti6n (AOPs) tl6 dugc
rlsri dpng tl6 oxy h6a cic hqp chAt htu co b€n

vimg hong m6i trudng. Cic phuong ph6p ndy
-^li6n quan <l6n sg tao thdnh c6c g6c t.u do tl6ng

vai trd nhu mQt ch6t oxy h6a manh. MOt sd

phuong ph6p oxy h6a ti6n tii5n dd ttugc sfr dgng

li phuong ph6p oxy h6a ctiQn h6a, sri dung O:,
phin img quang Fenton vd phuong ph6p si€u

nm [4-6]. Trong nghi€n ciru ndy toluen dugc
rJphdn hty blng phuong ph6p si6u dm kCt hap

voi HzOz. IJu ttiiim cria phuong ph6p ndy ld l<tre

ning lopi b6 toluen cao, kh6ng anh huong d6n
r47
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m6i trudmg vi chi phi thep hon so voi c5c
phuong ph6p kh6c l2l. C6c y6u 15 dnh huong
ti
d€n hi6u qui loai b6 toluen bing phuong ph6p
si6u Am k6t hqp vmH2O2nhu ndng c10 ban dAu

cta toluen, gi6 tri pH vd luqng H2O2 b6 sung
cflng duoc nghiOn cr?u. DQng hgc cria phan tmg
phdn hriy dugc kh6o s6t voi hp thting quy mo
phdng thi nghiQm.

I

2. Phucrng phfp nghiOn c&u

H6a chdt, thi6t bi: Dung dich toluen 4lppm
(ftong nu6c c6t), axetonitril: Merck gg.gyo,

img

Dung dich
toluen,
HzOz

dung dich H2O230o , d:l,l lglml. Axit
photphoric H:PO+, HCIO4 d€ chinh pH vd t4o

mdi trudng axit cho pha clQng m6y HPLC, dung
dich NaOH; KOH2}%dri chinh pH.

He th{ nghiQm phdn hfiy toluene (hinh 1):
Ndng dQ ban ttdu cria dung dich toluen nghiOn

ciru 41ppm voi thi5 tich dung dich ld 200m1. 86
sung H2O23O%dA c6 ndng dO H2O2 tuong img
trong dung dich ld 0;34;85; 170; 238;340 vit
5l0ppm. Sau <16 dung dich dugc dua vdo m6y
siOu dm d tAn si5 35 kllz. pH khio s6t vcri c6c
gi6 fi 3, 6 vd l0 (tti6u chinh bing dung dfch
HCIO4 vd NaOH).

M6v
si€u dm

Hinh l. MO hinh hp thi nghigrn xri lf toluen.

Phdn t[ch toluene: Toluen <lugc phdn tich
bdng m6y sic lcj l6ng hiQu ndng cao Shimadzu-
lOADvp (model2010) voi mQt Detector SPD -
MlOAvp (Detector UV-Vis): Sri dUng cQt

Supelco LC 18 ; h6n hqrp pha ttQng:

Axetonitril/Nudc: 50/50 (v/v) + 0,1% HCIO4 +
O,QsN H3POa; t6c d0 ddng: lml./phrit; Bu6c
s6ng h6p ths cgc <t4i: 260nm; NhiQt c10 ld cOt:

33"C; Thii tich mdu bcrm: 10pL; Nhi€t ttQ ldm

l4nh trong h€ bcnn mdu: 40C; Thoi gian luu: I I
phtt.

S. I(6t qui vh thio lugn

Anh htong crta pH: Thi nghiQm kh6o s6t

6nh huong cria pH di5n qu6 trinh phdn hriy
toluen (C0:41ppm) trong khoing thoi gian 120
phrit voi c6c gi6fi 3; 6 vd 10 (xem hinh 2, 3).
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Ktit qui d hinh 2,3 cho th6y trong didu kiQn

thi nghi-6m hiQu qui dpt cao nfrAt O gi6 fi pH
bdng 6. Di€u ndy c6 thti duo. c giii thich o pH
:6, toluen tdn t4i duoi d4ng phdn tu, ngugc lpi
trong cti6u ki€n axit hoac kiAm toluen thudmg

tdn tai duoi d4ng ion (CoFIsCHt) t3l. Khi d6

trong mdi trudng axit, c6c ion (CoHsCHz*1

kh6ng bay hoi vdo khoang khdng gian bdn

trong cria bqt khi vd chi b6m vdo b6n ngodi

xung quanh c6c bgt vd tham gia phan tmg khi
cdc gtic tg do ('OH) dn cdng. Trong khi d6 d
pH : 6 c6c phdn tu toluen l4i dE - -ng phin t6n

viro c6c khoang chria bgt vd phan fmg ci d b6n

trong bdng phdn img nhiQt ph6n (nhiet sinh ra
tu qu6 trinh si6u 6m) vi b€n ngodi voi c5c gi5c

'OH nhu mQt phan img oxy h6a. Do t16 hiQu

qud phin hriy dat cao hon. DiAu ndy cf,ng phir

hgp voi c6c cdng trinh nghiOn cr?u tnrdc dey P-
4l v€ dQng hoc phan irng phAn hriy. O pH trung
tinh, hing si5 ti5c dQ k cria phan img phdn hriy

toluen bang g5c 'OH ld 5,1 x 10e (L mol-r s-1),

trong khi d pH:3 chi ld F3,0xl0e(L mol-' J11.

Anh httong cia ning tlQ toluen (Cs): Thi
nghiQm nghiOn ciru 6nh hudng cria ndng d0 ban

ttiu cria toluen (thay t16i trong khoing ll;21;
27; 4l; 54 vir 94 ppm) dtin qu6 trinh phdn hriy
toluen trong hQ si6u 0m trong thoi gian 120

phrit, niing dO H2O2 le 17 m, pH : 6. M6u

120

Hinh 2. HiQu qua ph6n hriy toluen t4i cilc gi6 tri pH kh6c nhau.
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Hinh 3. Sg bi€n thi6n hQ s6 phan img k theo
cilc gi6 tf pH kh6c nhau.

ttugc l6y tOn tgc theo thoi gian thu ttugc ki5t

qui nhu sau (hinh 4, 5).

Hinh 4 vd 5 cho th6y mric dQ phdn hriy

toluen phu thuQc rd rQt viro n6ng ttQ toluen ban

dAu. DO th! cflng chi ra hiQu qui phdn hriy

toluen gidm khi ndng ilQ dAu vlro ting, tldng

thoi d kfrodng thoi gian ttiu cria phan ung (60

phrit diu) ndng <lQ toluen giim drfng kO vd higu
qud phdn hriy tnng nhanh tlSt khoang 70%o vu
n6ng dQ ban <ldu l lppm. Qu6 trinh ndy tu6n

theo phuong trinh dQng hqc bac l.
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Hinh 5. sg bi6n thi6n ti5c tlQ phan rmg vo theo sg thay d6i ndng dQ toluen ban dAu.

20

Anh hwng ct)a ning cll HzOz: Thi nghiQm
nghiOn crlu anh huong cria ndng dO H2O2 (trong
khoang 0-510ppm) <tr5n sU phdn hriy toluen
trong hQ si6u 6m trong thoi gian 120 phrit, ndng
<lQ toluen ban dAu li 41ppm, pH cria dung dich

Thdigian (phrit)
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Hinh 4. HiQu qua ph&r hriy toluen theo sg thay d6i ndng dQ ban ddu.
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Tdc <10 phin tmg, Y6 duoc x6c ttinh cho
ttr6y m5i tuong quan vdi ndng tlQ toluen ban
ttiu vi cfing tudn theo phuong trinh <lQng hgc
Langmuir-Hinshelwood (LH) voi c6c hQ si5 k 

"= 0,61 mgll-.phrit vi K6: 0,018 Llmg.
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: 6. LAy miu fi6n tpc theo cic khoang thoi
gian, thu <lugc ktit qud d hinh 6, 7.

Hinh 6 vd 7 cho th tdc <10 phdn hriy toluen
ting theo lugng H2O2 mQt c6ch rd ret khi teng

ndng dQ H2O2 trong khoing 34 dCn l7Oppm.

Sau tl6 khi titip gc tdng ndng dQ HzOz thi higu

qui xrl lf lai giem aan. He sti t5c dO kfie kitin k
dat gi|tri t6i uu tpi ndng ttQ ch6t oxy h6a H2O2

ld 170ppm. Khi th6m HzOz c6 thii ting cudng
phan rmg nhd lllre nlng git electrOn vd t3o ra
cfuc g5c hydroxyl nhd tao 16 h6ng theo c6c

phuong tinh duoi ddy:
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Hinh 6. HiQu qua ph6n hriy toluen t6n hp si6u 6m c6 m4t HzOz.
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Hinh 7. SU bi6n thiOn hQ s6 nra kii5n k theo qr ilray tt6i
:,

n6ng tlQ H2O2.
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H2O2+ hv hv (si€uam) , z'OH
H2O2 + HO2' e 'OH + H2O +'O2

H2O2 ) ff +HO2-

H2O2+ H' -+ H2O +'OH

2H2O2 --> 2H2O + 02

Tuy nhi6n n€u luqng H2O2 du, n6 sd ho4t

dQn! nhu mQt l5 h6ng hoflc git gi5c hydroxyl
vir fc chti sU phan hriy toluen. H2O2 cfing c6 th6

phan img v6i g6c hydroxyl tlii tao thanh giic

pehydroxyl, mQt chAt oxy h6a yiiu hon theo

phuong ftinh sau:

'OH + I{2O2 -+ HO2'* fl2Q

K6t qui thu tlugg hodn toirn phi hqrp voi c6c

nghiOn crlu tnrdc tliy vi c6 thiS <luqc giii thich
rJ , 'i '.blng c6c co ch6 phan tmg g6c [1, 7, 8].

t

x6t tugn

Tir c6c ktit qud nghiOn cr?u thu <lugc c6 th6
dua ra mQt si5 k6t lufln sau:

pH tdi uu cho sg phdn hriy toluen h pH 6

voi hiQu su6t dat 45,lyo,n6ng tlQ toluen gi6m tu
41ppm xui5ng cin 22,5ppm sau 120 phrit khi
ti5t hqrp sri dUng H2O2vorsi€u 6m.

Antr truong cria ndng <tQ toluen ban tliu tttin
sy phAn hriy toluen r5t 16 rQt d 60 phrit cliu cria

phan img. DQng hgc qu6 trinh phdn hriy toluen
tuAn theo phuong Uinh ilQng hqc bflc l.

Ndng dQ H2O2 t.si uu cho h€ phan rmg ld
170ppm. Khi tnng n6ng tlQ H2O2 >170 ppm
hiQu qui phdn hriy toluen sE gi6m. Ki5t qu6 niy
hodur toi,n phir hqrp voi co ctui ty thuyi5t vir c6c

cOng trinh t16 c6ng bii.
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Degradation of toluene in aqueous solution
by ultrasound/H 2O2 process
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In this study, toluene was degraded by ultrasound in the presence of hydro peroxide (H2O). The

optimal conditions for experiment were investigated in the Bandelin Sonorex ultrasound meter with
the frequency of 35kHz, the initial concentration of toluene 41ppm. The content of H2O2 (30% initial
solution) added was 0; 34; 85; 170; 238;340 and 5l0ppm, respectively. The influence of pH was

studied with the values of 3; 6 and 10. The frndings showed that, degradation of toluene increased with
the increasing of H2O2 contents at pH value of 6. After 120 minutes the degradation effrciency reached
45.I% with the HzOz content of 170ppm. This efficiency was significant greater than that in the absent

of HzOz Q7 .6%). The results of kinetic study fotrnd the toluene degradation process was followed the"

1'tkinetic.

153


