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SUMMARY

STUDY ON THE FORMATION AND DECOMPOSITION
OF PEROXYCARBONATE (HCOs) IN AQUEOUS SOLUTION

In this work, the formation and decomposition of a strongly oxidative peroxymonocarbonate ion
(HCOy) prepared in-situ from the reaction between bicarbonate and hydrogen peroxide was studied.
To determine the HCO4 concentration in presence of residual hydrogen peroxide, a procedure of
iodometric titration was set up at low temperature (below -10 °C) at which the effect of residual H;O-
was negligible. The effects of HCO3: H,O, molar ratio and pH on the obtained HCO4 concentration
as well as the kinetic model of the HCO,~ formation/decomposition were investigated. The results
revealed that the reaction time to get the maximum concentration in most conditions was in range of 40
— 60 minutes. The optimized conditions for the formation of HCO4~ were HCO3™: H,O, molar ratio of
1:2.5 and pH of 9 with constant rate values of formation (k) and decomposition (k’) of 0.0598 min™* and
0.0054 min't, respectively.
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1. MO PAU tha cap. Nham khéc phuc nhiing han ché nay,
Cong nghé xt Iy méi truwong dua trén cac hé mét sb cong trinh gan day nghién ctru va cho
oxi héa tién tién (AOPs) duoc tap trung nghién thdy hop chat peroxymonocarbonate (HCO4),
ctru dé xtr If chat thai hiru co bén vitng nhd kha hinh thanh tir phan ung caa H.0, véi NaHCOs3,
ning oxi hoa manh ciia mot s6 dang oxi hoat ¢6 hoat tinh manh gip 100-500 lan so véi H,0;
dong nhu ‘OH, Oy, 'O, [1]. Cac hé AOPs trén VA rét hiéu qua trong viéc xir ly chat mau dét
co s H20z nhu hé Fenton dé cho thay hiéu qua nhuém [2]. Trong qué trinh oxi hda cac hop
xtr ly cao nhung van con nhiéu han ché (tiéu chat hiru co, hop chét nay sinh ra cac tac nhan
thu nhiéu axit, bun thai phét sinh sau xir 1), oxi hda manh dic biét 1a “*COs, dugc danh gia
dac biét 1a viéc dung cac ion kim loai chuyén la wu viét hon so véi goc "OH nho vao thoi
tiép 1am chat hoat hoa H,0;, néu khong kiém gian séng lau va nong do cao hon trong moi

soét tét thi c6 thé 1a nguyén nhan gay 6 nhiém truong phan ung va cé kha nang phan tng rat
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nhanh véi mot s6 thude trir sdu hiru co [3,4].
Tuy nhién, co ché hinh thanh va phan hay cua
hop chit HCO,4~ ciing nhu cong nghé dé ung
dung va nang cao hiéu qua xir Ii hop chat hiru
co cua tdc nhan oxi hoa nady van chua dugc
nghién ctru va danh gia.

Nhim gdp phan lam sang to cac thong tin trén,
nghién ctru nay khao sat sy hinh thanh, phan
huy HCO4~ & cac ti I&¢ mol HCOs™: H,0; va cac
tri pH khéc nhau, dong thoi xay dyng mé hinh
dong hoc cua qua trinh.,

2. PHUONG PHAP NGHIEN CUU

Céc hoa chét duoc sir dung déu cd do tinh khiét
phan tich bao gém: NaHCOs, H,0. 30%, KI,
NazS;03. 5H,0, (CHzOH)z, KMnQO4, H2SOs4.

Céc dung dich chat phan ung duoc pha va
chuan héa theo cac quy trinh chuan.
Peroxymonocarbonate (HCO,") dwoc diéu ché
bang cach cho H,O, phan ung véi HCOs™ &
nhiét do phong theo phan (ng:

HCO;s; + H,0, 5 HCO4 + H,O D
Céac thi nghiém duoc tién hanh & nhiét do
phong (25 + 1 °C). Anh huong ti 1& chat phan
tng (HCO3": H,0,) dugc khao sat tir 1:1 dén 1:
4,5. Anh huong cia pH dwoc danh gia trong
khoang 4 =+ 10.

Trong nghién cau nay HCO,4 tao thanh duoc
phan tich bang phuong phap chudn do iodine-
thiosulfate theo céc phan tng sau:

HCO4 + 21"+ 2H* - I, + H,O + HCO3 (2)
2 + 25,082 — 21" + S406> ®)
H,0, con du ciing ¢ kha nang oxi hda Kl
thanh 1. Tuy nhién, thuc nghiém da chung
minh & nhiét d6 duai -10 °C, H,O, anh huong
khong dang ké téi két qua dinh luong I, sinh ra
do phan tng gita HCO4~ Véi lugng du KI
(thuc nghiém chuin d6 mau ddi chung véi
riéng H.0; & cing diéu kién nhiét do duy tri
dudi -10°C cho thdy, & nhiét do nay, lwong
H,0, phan ting la khong dang ké, chi ¢ 0,32%
s0 voi HCO4 hinh thanh). Do vay, lugng |2
xac dinh dwoc nho chudn do véi dung dich
chuin Na;S;0; gan nhu phan anh dung luong
HCO4 c¢6 trong dung dich (HCO4 oxi héa KI
taora ly).

3. KET QUA VA THAO LUAN

3.1. Anh hwéng cia ti 18 NaHCOs: H.0;
Nhu trinh bay trong phuong trinh phan tng
(1), su hinh thanh HCO4 tur phan ung HCOs™
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vGi HyO2 la qua trinh thuan nghich. Do do,
noéng do tac nhan nay dwoc tao thanh s& phu
thudc vao nong do ciing nhu ti 1é cac chat phan
ung. Trong thi nghiém nay, 6 ti I&é mol duoc
khao sat. Vi mdi ti I, phan ung duoc tién
hanh trong 1 gio truéc khi phan tich lwong
HCO, hinh thanh. Cac két qua duoc trinh bay
trong Bang 1.

C6 thé thay vai ti 16 mol HCO3: H0, = 1: 2,5 thi
nong d6 HCO, thu duoc 1a cao nhat. Do vay, ti
1& nay duoc diing cho cac khao sat tiép theo.
Bang 1. Anh hirong cua ti 1é mol HCO3: H,0;

toi lwong HCO4™ tgo thanh

STT  Tilé mol [HCOs  [HCO:
NaHCO:s: ]o ]
H202 (M) (M)
1 1.1 0,91 0,17
2 1.2 0,83 0,31
3 1.25 0,80 0,33
4 1:3 0,77 0,23
5 1:4 0,71 0,22
6 1:45 0,69 0,17
3.2. Anh huong cia pH dén sw hinh thanh va
phan hay HCO4~

Trong mdi truong nudc, bicarbonate cé thé ton
tai & 3 dang (H.COs, HCO3, COs?), kha ning
phan ng cua cac dang nay véi H,0, c6 thé
khac nhau, dan dén téc do hinh thanh HCO4
ciing thay d6i. DBé xac minh hién twong nay, thi
nghiém diéu ché HCO4 duoc thuc hién & sau
gia tri pH khéc nhau tir 5 dén 10. Tai mdi gia
tri pH, dung dich phan tmg duoc ldy mau theo
thoi gian dé phén tich san pham hinh thanh.
Bién thién nong do HCO, theo thoi gian dugc
trinh bay trén Hinh 1.
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Hinh 1. Anh hwong ciia pH t6i qué trinh hinh
thanh va phén hiy HCO,~
Két qua cho thdy & mdi gia tri pH, ndng do
HCO4~ tang theo pH dén gid tri cuc dai sau do



giam dan. Hién tuong nay duoc giai thich la do
HCO4 khong bén nén dé& bi phan hay sau khi
hinh thanh. Diéu nay ciing gian tiép khang dinh
rang HCO4 ¢6 hoat tinh cao hon nhiéu so Vi
H,0,. Co ché phan hay HCO4™ c6 thé dugc giai
thich theo huéng dut lién két O-O duoc dé
Xut boi Ma va cong su [5] nhu sau:
HCO4 + H"* — COs™ + H,0 4)
Nong do cuc dai thu dwoc trong khoang thoi
gian 40 dén 60 phit & tat ca cac pH khao sat.
Khi ting pH méi truong tir 5 18n 10, nong do
cuc dai cia HCO4™ ting 1én, hay ndi cach khac,
moi truong kiém thuan lgi cho sy hinh thanh
san pham. Két qua nay ciing phl hop vai cong
b cua Richardson va cong su [6] khi nghién
cau sy hinh thanh cia HCO4 bang phd cong
huéng tr *C NMR,
3.4. M6 hinh ddng hoc sw hinh thanh va
phan hiy HCO4
Do H,0, duoc sir dung du nhiéu so véi HCO4
nén c6 thé coi nong do H,0; on dinh trong sudt
qua trinh phan tng nén téc d6 phan tng hinh
thanh duoc gia thiét c6 dang:
r=k.[HCOs] (eq.1)

Dbi v6i qua trinh phan hay, téc d6 chi phu
thudc vao lugng HCO4™ hinh thanh va dugc gia
thiét bac 1 nhu sau:

= k’.[HCO4]
Tbc @6 chung cua qué trinh:
d[HCO,]/dt = k. [HCOs ] - k.[HCOs 1  (eq.3)
Céc hang sb toc do k va k’ trong phuong trinh
trén dwoc xac dinh bang phwong phap ti wu
md hinh vai céc sé lidu dong hoc thuc nghiém
st dung ham Solver trong MS Excel. Cac buéc
t6i wu gom:
Bwoéc 1: Chia thoi gian phan (ng thanh cac
busc mo phong ndi tiép nhau cé khoang thoi
gian At = 1 phlt. Vi mdi bude, phuong trinh
vi phéan (eq.3) tro thanh:
A[HCO4; /At =k.[HCO37] - £.[HCO47] (eq.4)
hay:
A[HCO47] = (k.[HCOs7] - £”.[HCO4 At (eq.5)
Bueée 2: Trong mdi budc md phong, bién thién
nong do HCOs™ trong budc thir i duoc tinh toan
theo ndng d6 budc thi (i -1) nhu sau:
A[HCOsf]i = k.[HCOaf]i.l At
Nong d6 HCOs™ sau budc i:

(eq.2)

(eq.6)
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[HCOs]i = [HCOsJis - ATHCOs i (eq.7)
Thay vao (eq.5) dé xac dinh nong d6 HCO,4 .
Buéc 3: Nhap hai gia tri k va k&’ bat ky, tinh
toan ly thuyét bién thién nong do cac chat theo
budc 2.
Buwéc 4: Toi wu cac gia tri k va k£’ bang ham
Solver sao cho sai s6 giira gia tri ly thuyét va
két qua do thyuc nghiém la nho nhét.
Két qua téi wu gia tri cua k va k” & mdi pH
dugc trinh bay & Bang 2.
Két qua trong Bang 2 cho thay xu huéng khi
tang pH thi ti 16 k : &’ tdng, trc la su hinh thanh
HCO4 chiém uu thé manh hon (wu thé nay
cling tang theo sy tang pH) so v&i sy phén huy
cia nd. Xu hwéng nay giai thich cho hién
tuong quan sat dwoc & muc 3.3 rang nong do
HCOs cuc dai tang theo pH moi truong.

Bang 2. Hang sé toc dé hinh thanh va phan

hity HCO4~

pH k, phat* k’, phat™ Ti l€ k:k°
5 0,0203 0,0235 1:1
6 0,0205 0,0105 2:1
7 0,0379 0,0082 4,6:1
8 0,0454 0,0076 6:1
9 0,0598 0,0054 11:1

10 0,053 0,0050 10,6:1
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Hinh 2. M6 phdng ddng hoc qua trinh hinh

thanh va phén hiy HCO4 tai cac pH =5, 7,9

Dé minh hoa, két qua mo phong bién thién

ndng do6 theo thoi gian ¢ cac gid tri pH =5, 7

va 9 dugc dua ra trong Hinh 2. Quan st trong

hinh ta thdy cac duong cong md phéong c6 do

phu hop cao véi cac diém thyc nghiém.

3.5. Co ché hinh thanh HCOs

Céc gia tri thu duoc trong Bang 2 cho thy hing

s6 toe d¢ hinh thanh HCO4~ (k) ting 1én khi ting

pH tir 5 dén 9. Tuy nhién khi tiép tuc ting pH



tir 9 1én 10 thi k c6 xu huéng giam. Tir d6 c6
thé rat ra co ché hinh thanh HCO,4 chu yéu la
do phan tng cia HCOs;™ v6i H,0, (cac dang
H,CO; va COz% dong gop khong dang ké vao
phan ung hinh thanh HCO4"). Piéu nay duoc
minh hoa qua méi twong quan giira k va phan
mol HCOj3™ trén Hinh 3.

1.2
H,CO, HCO; Cco,>
2573 34 3 0.06
1
A
= 08 0.05
£ 06 A
= . X
< 0.04
= A
0.4
0.03
0.2
0 aa 0.02
4 6 8 10 12 14

pH
Hinh 3. Mdi twong quan giira sy phy thugc cua
phan mol bicarbonate vao pH va hang sé toc
dé phan ung k

4. KET LUAN

Trong nghién ctru nay, chung t6i da xay dung
dugc moé hinh dong hoc hinh thanh va phéan
hay peroxymonocarbonate (HCO,") tir két qua
thuc nghiém chuan do oxi héa khir xac dinh
ham lugng HCO4 hinh thanh trong dung dich
hdn hop HCO3-H,0,. Két qua thuc nghiém
cho thay nong d6 HCO,~ tao thanh trong dung
dich bi anh huéng bai cac yéu t nhu ti 16 mol
HCOs5:H,0; va pH mdi truong. Thoi gian dé
nong d6 HCO4 dat cuc dai & cac diéu kién
khac nhau déu nam trong khoang 40 dén 60
phat. Biéu kién téi wu cho su hinh thanh cua
HCO4 la ti 1€ mol HCO5;:H,0, = 1:2,5 va pH
= 9. T mo6 hinh dong hoc xac dinh dugc cac
hing sb téc @6 hinh thanh k va phan hay &’ caa
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HCO4 & cac gia tri pH khéac nhau va thu duoc
nong d6 HCO4~ cuc dai dat dugc & méi truong
kiém yéu (pH 9).
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