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TONG HOP DIEN HOA DUNG DICH PEROXOCACBONIC \(A
TRIEN VONG UNG DUNG CUA NO CHO MUC bICH KHU TRUNG

NGUYEN HOAI CHAU, NGUYEN VAN HA, NGO QUOC BUU

1. MO PAU

Hién nay trong linh vuc khir tring cdc hop chit héa hoc ¢6 hoat tinh khtr trung cao nhung
¢6 doc tinh thép dbi vei dong vat mau néng dugce thira nhan 1a cac dung dich nudc hoat héa dién
héa (dudi tén goi chung ECASOL) [1 - 6]. Cac qua trinh hoat héa dién héa (HHPH) duoc phat
minh béi k¥ su nguoi Nga V. M. Bakhir va ndm 1984 dugc Vién HLKH Lién X6 cii thira nhan
nhu mot huéng phat trién méi trong linh vuc dién héa ung dung. Trong khoang 20 nim tré lai
day cac thiét bi san xuat ECASOL da duoc thuong mai héa va trng dung rong rai tai nhiéu nude
trén thé gidi trong d6 c6 Viét Nam [1, 2, 7, 8]. Cac thiét bi san xudt dung dich ECASOL c¢6 tén
goi chung 1a STEL. Trong khoang thdi gian d6 tai Vién cdc Hé théng va Cong nghé dién héa
Vitold Bakhir nguoi ta da thiét ké ché tao nhidu dang thiét bi STEL khac nhau, trong sé d6 thiét
bi STEL-PEROX duogc xem la mot phuong tién diét khuén hitu hiéu va than thién moi truong
nhét nhé da tao ra duoc dung dich pecacbonic axit vdi hoat tinh khang khuén dic biét cao nhung
khong chira céc hop chét clo doc hai.

Tong hop dién héa dung dich pecacbonic axit trong thiét bji STEL-PEROX la qué trinh cho
mot dung dich cacbonat loang (0,4 - 1,0 g/) chay qua khoang andt cia buéng dién hoa dong
chay FEM-3 [2]. Pang luu y 12 mirc d6 khodng héa cta dung dich dién héa & déy thip twong
duong d6 khodng héa ctia nude ding cho in ubng.
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Hinh 2. So d nguyén li tong hop dung dich axit

Hinh 1. D6 dan dién tong quat cua céc dung dich vo > s R
A pecacbonic trong buong hoat héa dién héa FEM-3

co phu thudc vao nong do va khoang cich gitra cac
ion trong dung dich

. Hinh 1 chi ra su phu thuoc d6 dan dién téng quét cia cac ghét dién ly vo co khac nhau vao
nong dd cua ching trong dung dich nudc (dudng cong 1). O dung dich chat dién ly loang
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(< 0,1 mol/l) mot thay doi rat nho vé nong do ciia cdc chat tan c6 thé gdy ra su bién ddi ddng ké
ctia d6 dén riéng, khing dinh sy c6 mit ciia mot lugng 16n cdc phén tir nuée khong tham gia vao
qud trinh hinh thanh céc 16p vo hydrat bao quanh cic hat mang dién tich. Pbi véi truong hop
dung dich dién li ¢6 ndng do ddm dic hon (> 0,1 mol/l) ¢ thé thiy nhitng bién thién 16n vé ndng
d6 ciing khong 1am cho d din dién cua dung dich thay ddi 1a bao nhiéu. Didu d6 ching t6 cac
16p vo hydrat bao quanh cdc hat dién tich bit ddu twong téc v6i nhau va mirc do xam nhap 1dn
nhau giita chiing ting theo sy gia ting ndng do cua cdc chét dién ly. Y tuéng nay dugc thé hién
bang dudng cong 2 trén hinh 1 trong do6 c6 thé thdy khoang céch giira céc tam ion cua céc chat
dién ly phu thudc vao ndng do cua chiing trong dung dich, dong thoi ndng d6 cang ting, do dan
dién riéng ting cang it. Pudng cong 2 dugc xem nhu mot biéu thi ddc thii ciia cdc tinh chit cau
tric cia dung dich dién li [9].

Khéi niém “dung dich cAu tric - structuralized solution” bao ham tinh trat tu bén viing
twong dbi theo thoi gian va khong gian cta céc vi tri clia cdc hat dién ly va cdc phén tir nudc
trong dung dich so vé&i vi tri cia mot hat duogc chon ngau nhién. Theo dinh dé nbi tiéng cua
L. Pauling vé tinh trung hoa dién tich cta céc ion hydrat héa, thi dién tich cia mét ion duogc téi
phan bb lai trén céc nguyén tir hydro cua cac phan tu nudc bao boc xung quanh ion, va sy trung
hoa va tai phan b dién tich nay dién ra trong qua trinh hydrat héa ion. Sy tdi phan b dién tich
ctia ion cdn tic dong dén céc phan tir nudc ‘nam 6 xa hon. Nhu vay r6 rang su dich chuyén mot
phan mat do dién tir tir cic phan tir nuéc nam gan ion nhit s& lam cho cic phan tir nude nay bi
thiéu hut mat do dién tu, nhung sy thiéu hut nay sau d6 dugc dén bu béng su dich chuyén mat do
dién tlr ctia cac phan tir nudc dirng sau, va clit thé tiép tuc. Dbi v6i cdc hat anion su dich chuyén
mat d6 dién tich cling dién ra tuong tu nhung theo huéng ngugc lai. Nguyén nhén cua cic dich
chuyen dé6 1a xu hudng dat téi trang thai can bang voi nang luong cyc tiéu. Do vay su ph01 tri
cic phan t&r nude xung quanh hat tan la yeu t6 quan trong dbi voi qué trinh cdu tric héa dung
dich, cu thé 1a qué trinh hydrat héa cac hat tan.

Trong qué trinh téng hop dién héa dung dich pecacbonic axit tir dung dich cacbonat (hodc
bicacbonat) lodng didu cuc ky quan trong 12 qud trinh hydrat héa cdc hat tich dién phai duoc
thuc hién tai ving sat be mat dién cuc noi cuong d6 dién truong cua 16p dién kép dat gid tri hang
tram nghin von/cm nhim dam bao kha nang thay dbi cu tric dung dich mét cich cé dinh
hudng.

So d6 nguyén Ii cta qué trinh tong hop dién héa axit pecacbonic dugc mo ta trén hinh 2.
Dung dich cacbonat natri lodng dwoc cho chay qua khoang anét cta budng dién héa FEM-3
trong khi tai khoang catdt dong nudc tinh khiét duoc cho chay ngwoc chiéu. St dung dong
ngugc chiéu cho phép loai bo cic cation kiém khoi dong anolit hiéu qua hon so véi truong hop
str dung dong ciing chidu. Luu lugng dong nude di qua khoang catbt phai dam bao 16n hon luu
lrgng dong nudce mudi di qua khoang andt nhdm thiét 18p cdc dicu kién ma tai d6 dong dién di
qua mang ngan cua buong dién hoa dugc tao ra hoan toan boi qua trinh van chuyén cation tir
viing andt sang viing catét. Dong thoi ap suét du trong khoang andt (0,1 - 0,5 at) ciing tao diéu
kién thudn 101 cho qué trinh Van chuyén cation va can tré cdc anion hydroxyl xAm nhap tir
khoang catot sang. Voi dp suat < 0,1 at khong thé ngan chén cdc ion hydroxyl chay ngugc tur
khoang catdt sang khoang andt, do d6 qua trinh 6xy hoa cdc ion cacbonat trong ving andt.
Nhung khi dp suét > 0,5at, ngoai cation kiém, anion cacbonat tir khoang andt c6 thé bi day sang
khoang catdt, do d6 1am giam hiéu sudt tao cdc hop chat peroxo (tinh theo dong dién).

Nhu da néi & trén, d6 khoang héa ciia dung dich dién ly ¢6 anh hudng quyét dinh dén do
bén cua cdc phirc phén tr véi lién ket hydro duoc tao ra trong qua trinh dién héa. Thanh phan
clia cdc phuc phan tr nay ngoai cac phan tir bén, cé thé con bao gom cdc ion, cic goc tu do, hodc
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cdc phéan tir kich thich (goi la exciplexes), va cic thanh pl‘lém nay c6 thé duoc hydrat héa dé tre
thanh phic aqua (aquacomplexes) trung hoa dién tich va bén viing.

Vién Cong nghé mdi truong trén co s& cdc médun FEM-3 duoc nhap tir LB Nga da thiét ké
lip dat thanh cong hé thiét bi STEL-PEROX cho phép thu nhan dung dich peroxocacbonic
(anolit PEROX) ¢6 hoat tinh khtr tring cao, than mdi truong va tic dung kéo dai. Hinh 3 trinh
bay so d mach dién va hé thdng thay lyc cua thiét bi STEL-PEROX duoc thiét ké va lap dit tai
Vién CNMT.

Catolit PEROX
e '
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Hinh 3. So d6 mach dién v thity lyc cua thiét bj STEL-PEROX thu nhan dung dich
anolit-PEROX tir dung dich cacbonat kiém loang

Céc phan tng héa hoc co ban dién ra trong qué trinh dung dich cacbonat natri lodng lan
luot chay qua cac khoang anot ctia 8 buong FEM-3 dugc méc noi ti€p nhau theo so do thuy luc
1a nhu sau:

Céc phan tng hinh thanh cic san pham mono- va di-pecacbonat natri:
2Na,CO; + 10H,0— 2HOC(O)OOC(0O)ONa + 2NaOH + O, + 8H,;
2Na,CO;3 + 6H,0 — 2HOC(O)OONa + 2NaOH + 4H, + COy;

Trong qud trinh dung dich cacbonat di chuyén vé phia dau ra cua so do, pH giam dan va
dung dich dung dich nghéo dan cation fo' boi vay ion cacbonat chuyén thanh ion
hydrocacbonat. Cac phan (tng 6xy héa khi d6 dién ra nhu sau:

2NaHCOs + 2H,O — HOC(O)OOC(O)ONa + NaOH + 2H, + 1/2 Oy;
2NaHCO; + H,O — HOC(O)OONa + NaOH + H, + CO,.

C6 thé thdy cang vé cudi pH cang giam cho tdi tan gid tri trung tinh va giai doan 6xy héa
anodic tiép theo 1a qua trinh chuyén d6i muoi pecacbonat thanh axit twong (ing:

HOC(0)OOC(O)ONa + H,0 — HOC(O)OOC(O)OH + NaOH;
HOC(O)OONa + H,0 — HOC(O)OOH + NaOH.

Ngoai ra, tai khoang andt cuoi cung cua chuoi FEM-3 qua trinh 6xy héa nudc va cic san
pham dién héa cling s& dién ra:

2H,0 -4e - 4H + 0,; 2H,0-2¢ - 2H' +H,0,; O, + H,0-2¢e —» O;+ 2H™;
3H,0 - 6e — O; + 6H"; H,0, - ¢ — HO," +H"; H,0, - 2¢ — 'O, (singlet) + 2 H'
HO -2 — 2H + O; HO-e » H + OH".
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Céc san pham nay 1a nhitng chit 6xy héa rdt manh véi kha niang diét khuin dic biét cao.

Bdo cdo nay trinh bay két qua nghién ctru diéu ché dung dich pecacbonic (anolit PEROX)
trén thict bi dién héa kiu STEL-PEROX va tinh nang khtr trung cta san pham thu dugc so voi
cic ché pham khtr trung truyén thong.

2. PHAN THUC NGHIEM

Qud trinh tong hop dung dich anolit PEROX dugc thyc hién trén thiét bj STEL-PEROX do
Vién CNMT thiét ké lap dat.

Phd hép thu cia dung dich anolit PEROX duoc do trén mdy quang phd UV-VIS GBC
Instument-2885.

Méi triwong nudi cdy vi sinh
- Céc dung dich sinh Ii diéu ché tir pepton (Merk);
- Chromocult va SS_agar (Merk) 1am mdi trudng dé phan 1ap E.coli va salmonella;
- MBbi truong PCA (Merk) dé phén tich dinh lugng vi sinh.
Thu thdp mau vi sinh
- Cac mau vi sinh thu thap tir nudc nudi, cdc bé mit cong cu lao dong trong xi nghiép ché
bién thuy san.
Khao sdt hiéu lyc khdng khudn cia anolit PEROX

9 ml dung dich anolit PEROX v&i I}Gng d6 cac chat oxy hoa 60mg/1 duge chuyén vao 6ng
nghiém, thém vao d6 1ml dung dich huyén phu E. coli hodc Salmonella nong do 10° cfu/ml. Sau
5, 10, 15 phuit tiép xic vai anolit PEROX dém so vi sinh vat.

3. KET QUA VA THAO LUAN
3.1. Cac tham sb héa-li ciia dung dich anolit PEROX
Céc thong 56 k¥ thuat co ban cta thiét bi STEL-PEROX va céc chi sb li-hda cta cic dung

dich anolit v catolit thu duoc trén thiét bi dwoc trinh bay trén bang 1, trong d6 ¢ thé thay do khoang
héa ctia dung dich anolit PEROX 1a kh4 thap, twong duong do khodng héa ctia nudc an udng.

Bdng 1: Cac thong s6 k¥ thuét cua thiét bi STEL-PEROX va céc chi sd If - héa cta
céc san pham hoat héa

Dung | [Na,COs], g/l | Dong (Dién dp| Cong TDS Thé 0xy hoa [Chét oxy
R N A T ]
Anolit 12 20-21|38-40|20-22|620-750|6,6 - 6,7| +700 - +800 | 60 - 65
Catolit H,O 58 - 60 - 9-10 |+250-+350 -

Bién thién cua cac chi s6 1i-héa ctia dung dich anolit PEROX trong thoi gian bdo quan 9
ngay trong binh ddy nap kin dugc chi ra trén bang 2. C6 thé thay nong dg cac chat 6xy hda va
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thé 6xy héa khir ciia dung dich anolit PEROX suy giam twong d6i cham sau 9 ngiy bao quan
(ORP giam 10%, trong khi ndng do cdc chit 6xy héa giam 25%). Hinh 4 cho thay anh hudng
ctia dong dién 1én thé 6xy héa khir va d6 khodng héa cua céc dung dich HHPH (anolit PEROX
va catolit PEROX). Dang chi { 1a khi dong dién phan tang thi d§ khodng hda cua anolit gidam
trong khi d¢ khodng hdéa cua catolit tang.
Phé hép thy UV-VIS ciia dung dich anolit PEROX vira méi diéu ché va sau thoi gian bao
quan duoc dan ra trén hinh 5. Két qua cho thiy sau 9 ngay giit trong binh kin tt ca cdc thanh
phin gia bén vdi thoi gian sdng ngén da phan hily hoan toan va dinh hip thu cyc dai dich chuyén
vé& phia budc séng dai. Didu d6 mot 1an nira khing dinh tinh chat gia bén ciia dung dich HHPH.

Bang 2. Bién thién cta cdc chi sb li-hda cua dung djch’ anolit PEROX phu thugc vao
thoi gian bao quan (trong can day nap kin)

Thoi gian bao pH Thé 6xy héa [Chét 6xy héa]
quén (ngay) khir (mV) (mg/1)
1 6,68 786 674
2 6,87 770 61,8
3 6,90 771 57,5
4 6,95 754 57,5
5 6,95 748 56,8
8 7,00 726 51,5
9 6,74 710 49,7
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Hinh 4: Anh huéng ciia dong dién dién phan 1én d6 khodng héa va

thé 6xy héa khir ciia anolit PEROX va catolit PEROX
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Hinh 5. Ph6 hap thu cta anolit PEROX méi diéu ché va sau thoi gian bao quan 9 ngay
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Két qua khao sat thoi gian luu gilt hoat tinh ctia dung dich anolit PEROX chi ra réng qué
trinh phan hily axit pecacbonic, nghia 1a qué trinh suy giam hoat tinh, dién ra cham: sau 30 ngay
bao quén hoat tinh khéng khuén cta dung dich chi giam khong quéd 20%. Su suy gidm hoat tinh
nay thip hon nhiéu so véi cic dung dich anolit dugc diéu ché tir mudi NaCl trén thiét bi STEL
[1,7]. S6 di dung dich anolit PEROX c6 trang théi gia bén kéo dai khdc thuong 1a do qué trinh
dién phan dung dich cacbonat kiém cuc loang da duogc thuc hién tai khu vyuc can ké 16p dién kép,
nh& d6 cdc chat 6xy héa tao ra da dwoc bao boc bdi mot 16p vo hydrat nhidu 16p duéi dang phirc
aqua trung hoa dién tich.

3.2. Khio sat hoat tinh khang khuén ciia dung dich anolit PEROX

Dung dich anolit PEROX da duogc nghién cttu hoat tinh khang khuén trén mot sb vi khuan
gdy bénh thudng gip trong ché bién thily san. Hoat tinh khang khuan cua anolit PEROX dbi voi
E. coli va Salmonella spp. dugc trinh bay trén bang 3. Két qua cho thdy sau 5 phiit tiép xic v6i dung
dich anolit PEROX ndng d6 60 mg/l E.coli bi tiéu diét hoan toan trén cic mau huyén phit ¢6 do pha
lodng khac nhau, trong khi Salmonella bi vo hiéu héa hoan toan sau 10 phiit phoi nhiém.

Bdng 3. Hoat tinh khang khuén cta dung dich anolit PEROX ([cic chit 6xy héa] = 60 mg/l) ddi
véi E.coli va Salmonella & mic d6 pha loang khac nhau E. coli (cfu/ml)

Mikc do pha loing
Mau thi nghi¢m 10° 10' 10 10° 10 10°
Nong dd cac chét oxy héa = 60 mg/l

Mau d6i ching (khéng c6 * * * >> >> 10°
anolit)
Phoi nhiém 5 phiit 0 0 0 0 0
Phoi nhiém 10 phiit 0 0 0 0 0
Phoi nhiém 15 phiit 0 0 0 0 0

Salmonella (cfu/ml)

Mirc d§ pha loang
Miu thi nghi¢m 10 10' 10° 100 | 100 [ 10
Nong dé céc chét 6xy héa = 60 mg/l

Mau d6i chimg (khong c6 * * * >> 284 28
anolit)
Phoi nhiém 5 phiit >> >> >> ~ 1700
Phoi nhiém 10 phiit 0 0 0 0
Phoi nhiém 15phit 0 3 1 0

* Khong dém dugc

Bang 4 thé hién kha ning diét khuén cia anolit PEROX trén cdc san pham ché bién muc
cua Viét Nam. So li€u thyc nghiém dan ra cho thay mat d6 vi khuan trén san pham myc da giam
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dang ké sau khi myc dugc ngdm vao dung dich anolit PEROX ndng d6 50 mg/l 30 phit. Cuy thé
la thanh phan TPC giam 9 lan, E. coli va Coliform — 2 lan trong khi Salmonella bi loai trir hoan

toan.
Bang 4. Hoat tinh khwr trung cua dung dich anolit PEROX trong qud trinh ché
bién muc (nong do cdc chat 6xy héa = 50 mg/1)
Miu phén tich TPC E.coli | Coliforms, | Salmonella,
(cfu/ml) (cfu/ml) | (cfu/ml) (cfu/ml)

Mau ddi chimg (ngam trong nudc 7,8 x 10° 36 2,7 x 10 +
sach)

Ngam trong anolit PEROX 15 min | 4,5x 10’ 14 1,7 x 10 -
Ngéam trong anolit PEROX 30 min 8,5 x 10" 14 1,4 x 10 -

4. KET LUAN

Céc dac trung li-héa va hoat tinh khdng khuan ctia dung dich pecacbonic thu duoc trén thiét
bi STEL-PEROX dugc thiét ké 1ap dit tai Vién Cong nghé mdi trudng trén co s& cdc mddun
FEM-3 nhép tir LB Nga da dugc nghién ctru. Két qua nghién ctru cho thiy thiét bj STEL -
PEROX c6 kha ning tao ra dung dich khong doc hai do khéng tao ra cic chat chira clo, nhung
¢6 hoat tinh khdng khuin cao, cho phép tiéu diét hau hét cdc loai vi khuén gy bénh, ké ca
Salmonella, E.coli, Listeria, ném v.v... chi sau mot thoi gian phoi nhiém ngén, tuong tg nhu
dung dich anolit cé cuing néng dd duogc diéu ché dung dich mudi an trén thiét bi STEL. Véi
mat d6 10°cfu/ml E.coli bi tiéu diét hoan toan sau 5 phut tiép xuic voi dung dich anolit PEROX
néng d6 60mg/1 va Salmonella — sau 10 phiit tiép xuc.

S6 liéu thyc nghiém thu dugc ciing chi ra ring ndng d6 khodng héa cua dung dich dién
phéan cang théip, d6 bén cua cic phtrc peroxocacbonat hydrat héa (aquacomplex) cang tang do
ching cang duoc trung hoa dién tich. Nho vay hoat tinh gia bén cua dung dich dwoc kéo dai
dang ké: ORP chi giam khoang 10% va ndng do céc chat 6xy héa — 25% sau thoi gian bao quéan
9 ngay.
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SUMMARY

ELECTROCHEMICAL SYNTHESIS AND PERSPECTIVES OF APPLICATION OF
PEROXOCARBONIC SOLUTION FOR DISINFECTION

STEL-PEROX is the latest model among the series of well-known STEL devices which
produce electrochemically activated (ECA) solutions widely used for disinfection in many
countries over world, including Vietnam. STEL-PEROX devices stand out as the most effective
and environmentally-friendly means against microbes by generating activeted percarbonic acid
from highly diluted sodium carbonate solution.

Physico-chemical and functional characteristics of ECA solutions generated on a STEL-
PEROX device designed and set up in Institute of Envonmental Technology-VAST using
Russian electrolytic moduls FEM-3 have been evaluated. It was shown that this device produces
actually non-toxic solutions but highly effective disinfectants that destroy all forms of
pathogenous microorganisms, including Salmonella, E-coli, Listeria, fungi etc, in very short
contact times.

The experimental data showed that the low general mineralization of the anolyte PEROX
provides a high stability of the molecular complexes which are hydrated, transforming into
electroneutral aquacomplexes. That means that the lower the concentration of ions in solution,
the greater the stability of the aquacomplexes, hence the longer the bactericidal activity of the
anolyte PEROX.

DBia chi: Nhdn bai ngay 12 thdng 6 nam 2009

Vién Cong ngh¢ mdi truong,

Vién Khoa hoc va cong ngh¢ Viét Nam.
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