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Linh vire k§ thuat dugce dé cap

Sang ché d& cap dén hé théng tao nudc hoat hoa plasma PAW (Plasma
Activated Water) phéng dién rao can dién modi DBD (Dielectric Barrier
Discharge) va hao quang (Corona Discharge) tmg dung trong cdc linh vyc y sinh
va nong nghiép. HE thdng c6 thé sir dung céc loai budng phan tmg plasma dung
phéng dién cho phan tach hdn hop dung dich nuge va khong khi tao ra lugng 1én
céc hat dién tich, electron va khi ion ¢6 hoat tinh cao nhu O~, O,~, OH™, NOx™, Ny~
, cac nguyén tir va phén tir kich hoat O, O,", 05", OH', HOO", NO,", ROS, RNS
vOi mat do 16n, ¢o tac dung khu khuéan cao, diét vi sinh trén cac loai hoa qua,
ndng san, dugc liéu, thuc phém, cdc loai thuy hai san v.v, tang ty 1€ ndy mam cua
hat giéng, cung cap nito kich thich ting truéng cay trdng. Heé thdng c6 cu triic
m6 dun phit hop véi céc loai cong sudt thiét ké, dé 1ap dat, hoat dong on dinh &
ap sut khi quyén va nhiét do thuong, khong gy 0 nhi€m thu cdp, an toan tuyét
d6i cho ngudi va than thién véi mdi trudng.
Tinh trang k¥ thuat cia sang ché

Phuong phap khtt khuén, diét virus va céc loai vi sinh vat khac bang dong
plasma  lanh  (CN209475211U,  CNI110410916A,  CN103945627B,
CN110101891, KR102059380B1, KR20190128127A, KR100581693B1,
KR101864012B1, W02015083155A1, W02019234781), la mot phuong phap
méi dang dugc nghién ctru va thir nghiém bdi nhom tac gia theo sang ché va cac
phong thi nghiém khéc trén thé gidi, bude dau da cho nhiing két qua rat quan
trong, ¢ tinh ing dung cao trong thuc té. Ung dung plasma lanh khong chi la
mdot phuong phdp méi ma con mé ra cach tiép can méi cho nhiém vu khu khuan,

diét virus, vi khuan, nam moc, nam men, bao tir va cac vi sinh vat khac bé mat

120



42308

trén ngu’(‘ji, trang thiét bi y té, thiét bi dién i, cac loai hoa qua, ndng san, duoc

liéu, thuc phém, thiy hai san v.v.

Tuy nhién, ddi voi cac bé mit hai san ngdm nudc nhu tdm, cé, hau, so v.v,
céc khi ion khé c6 thé phat huy hiéu qua khir khuén do kha nang hép phu khong
cao, ngoai ra khi ion dé bi tbng hop va khuéch tan trong khong khi. Dé giai quyét
bai toan khtt khuan dbi véi céc loai ndng san thuc phém ngadm nudce, cac dung cu
y sinh ¢0 bé mit g6 ghé, phtre tap, cac bé mat xép, cdc bé mit rd, cc bé mit co
d6 thdm théu cao c6 thé st dung hidu qua nudce hoat hoa plasma. Nudce hoat hoa
plasma 1a nuéc chita ion, cac nguyén tir va phan tu kich hoat ¢6 hoat tinh cao, céc
gbc hydroxyl, oxy va hydrogen peroxide v.v san sinh trong qua trinh phong dién.

Nudc hoat hoa plasma PAW 1a mot tng dung dang chu y cta cong nghé
plasma, do céac hoat tinh sinh hoc da dang, kha ning khur khuén cao, ngoai ra cac
phan tng thay d6i cAu tric phan t cho phép khir doc trong thudc trir sau, thude
bao quan thuc vét, cac tdn du hoa chat trén bé mait ndng san, thuc phém. Nudc
hoat hda plasma an toan tuyét dbi v6i moi truong va con nguoi. Nhiéu thir nghiém
ching minh hiéu qua ciia nudc hoat hoa plasma da duge tién hanh nhu lam ting
ty 1€ ndy mam va phat trién bo ré trong nudi trdng gidng cdy ctic Zinnia, kha ning
khtr du luong thudc trir sdu trén nho va dau tay, tiéu diét vi khuan va cac loai nam
mdc trén ndm v.v. Nhitng tinh ning nay lam cho nudc hoat héa plasma tr¢ thanh
mot gidi phap trién vong xanh cho mot loat cac ing dung trong cdc nhiém vu khu
khuén céc loai trang thiét bi y té, hoa qua, nong san, dugc liéu, thuc phém, thuy hai san
v.vvakich thich cac qua trinh trao doi cht, van chuyén chit tan trong té bao thuc
vat gop phan ting ty 1& nay mAam cla c4c loai hat giéng, kich thich tdng truong va
phat trién céc loai cay trong. Ung dung nudc hoat hoa plasma plasma trong cac
linh vuc y sinh va ndng nghiép mang lai hi€u qua t6i da v6i chi phi tbi thiéu dugc
ky vong s€ thuc day hon nita sy phét trién kinh t& va xa hoi bén vitng.

Hoat tinh sinh hoc cua nuéc hoat héa plasma li€n quan truc tiép dén thanh

phan va nong do cua cac hat dién tich, electron va khi ion c6 hoat tinh cao nhu O~
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. Oy, OH~, NO,~, Ny, c4c nguyén tir va phan tir kich hoat 0", 0,", 05", OH",
HOO®, NO,", ROS, RNS. Phan tng hinh thanh cac chét nay phu thudc vao rat
nhiéu thong 6 khac nhau nhu loai nguén plasma, loai khi sut dung, cAu hinh dién
cuc, hiéu dién thé, thoi gian xtt ly, luu lugng khi, thé tich dung dich v.v, do do6
phuong phép tao nudc hoat héa plasma cling rit da dang (US10669169B2,
W02017049263A1, US20170128906A1, WO2016096751A1, CN108383205A,
CN108496959A, CN109775800A,  CN109796066A,  CN110734112A,
US10350572B2). Trong s6 cac hé thong tao nudc hoat hoa plasma nay, phuong
phép c¢6 higu qua cao 1a phong dién rao can dién mo1 DBD va hao quang dién.

Co ché khtr khudn, diét virus cua nudc hoat hoa plasma duya trén cac hat
dién tich, electron va khi ion c6 hoat tinh cao nhu O, Oy, OH-, NOy~, Ny, cac
nguyén ti va phan tir kich hoat 0", 0,", 05", OH", HOO",NOy", ROS, RNS. Trong
d6 hydrogen peroxide H,O,, ozon O3 va gdc hydroxyl OH" 1a cac tac nhan chinh
tic ché va tidu diét cac loai vi khuan, virus bang qua trinh peroxy héa lipid thong
qua viéc khtr H khoi cac axit béo khong bdo hoa, din dén hinh thanh
malondialdehyde (MDA), 1am phd hiy céc protein, gay t6n thuong mang té bao,
DNA va RNA, gop phan lam chét té& bao. Céc ion nitrat NOs, nitrit NOy’, gbc
nitric oxide NO" cling 1a nguyén nhén gay ra sy bat hoat ctia vi khudn, virus thong
qua viéc giam gia tri pH clia nu6e hoat hoa plasma va hinh thanh peroxynitrit
ONOOH va OONO- 12 mot chét doc déi véi cac té bao, c6 kha nang tan cong va
phé hiy céac dai phan tir quan trong trong té bao. Bén canh do cac ROS (reactive
oxygen species), RNS (reactive nitrogen species) trong nuoc hoat hoa plasma
cling dong vai tro 16n trong viée tang ty 1€ nay mam, kich thich phat trién ctia hat
gidng, kich thich sinh trudng ctia cac loai cay trong. Trong do, hydrogen peroxide
H,0, ¢6 thé kich hoat cac gen CAT dé téng hop cac protein, tang cuong kha néng
ndy mam ctia hat gidng. C4c ion nitrat NO3’, nitrit NOy, NH4" va gde nitric oxide
NO' déng vai tro 1a ngudn cung cép nito quan trong va tdng cuodng sy phat trién
cho cdy trong. Nitrat NO;™ con 1a mot phan tir tin hiéu quan trong cia té bao, ¢o
lién quan dén viéc diéu chinh su trao ddi chat va phat trién & thuc vat.
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Uu diém co ban cua cac phuong phép st dung nudce hoat hoa plasma 1a
kha nang khu khuén sau cho cac loai hoa qua, ndng san, dugc liéu, thyc phém, thay hat
sén v.v, khir khudn trang thiét bi y té, ting ty 1& nay mam cua hat giéng va kich
thich sy phat trién cua cay trong, co thé ung dung rong réi trong cac linh vuc y
sinh va ndng nghiép, khong doc hai véi con ngudi, hoan toan than thién v4i moi

trudng va tiét kiém néng luong.

Nhém tac gia theo sang ché da trién khai cc nghién ctu co ban va nghién
ciu tmg dung plasma lanh cho céc nhiém vu khir khuén, kich thich ting truéng
cdy trong v.v, st dung hé théng phong dién rao can dién moi DBD va hao quang
dién, thé hién qua cac don dang ky sang ché nhu: 1-2020-00131 — Thiét bi xtr 1y
nong san thuc pham cong nghé plasma, 1-2020-02027 — He thdng thir nghiém
khtt khudn bé mat cong nghé plasma, 1-2020-01992 —He théng budng khir khuan
cong ngh¢ plasma chéng lay nhiém chéo va diét virus, 1-2020-04182 — He thng
dAu phat plasma lanh cao thé, cao tan, dung khdng khi cho khir khudn bé mit trén
dién rong tmg dung trong céac linh vuc y sinh va nong nghiép, 1-2020-04184 —
Hé thdng stng phun khi ion plasma ding khong khi cho khur khudn bé mit trén
dién rong, 1-2020-04185 — He théng ddy chuyén khir khuan bé mat cong ngh¢
plasma cho xtr ly céc loai trang thiét bi y té va bao bi, 1-2020-04183 — H¢ théng
day chuyén khir khuén bé mat cong nghé plasma cho xur ly va bao quéan hoa qua,
thuc phém va duoc liéu, nhom tac gia da nghién ctru va tao ra hé théng tao nudc
hoat hoa plasma phong dién rao can di¢n moéi DBD va hao quang cho y sinh va
ndng nghiép su dung cac budng phan (mg hoa plasma phén tach hdn hop dung
dich nudc va khong khi tao ra luong 16n céc hat dién tich, electron va khi ion ¢
hoat tinh cao nhu O~, 0,7, OH~, NOyx~, Ny, cac nguyén tir va phan tu kich hoat
0, 0,", 05", OH', HOO", NO,’, ROS, RNS véi mét d I6n, trdn v6i nude ¢6 tac
dung khu khuin, diét vi sinh trén c4c loai hoa qua, nong san, dugc liéu, thuc phém,
cac loai thuy hai san v.v, téng ty 1€ nay mam cua hat gibng, cung cép nito kich thich

tang trudng cay trong. Hé thong c6 cAu trac mo dun phu hop cong sudt thiét ké, dé Iap
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dat, hoat dong n dinh & ap suét khi quyén va nhiét do thuong, khong gy 6 nhiém tha

cap, an toan cho ngudi, than thién véi moi trudng.

Ban chét k§ thuat ciia sang ché

Muc dich cua sang ché 14 tao ra hé théng tao nuGc hoat héa plasma ung
dung trong céc linh vuc y sinh va nong nghi¢p. He théng theo sdng ché c6 thé sur
dung cac loai phong dién rao can dién moéi DBD va hao quang cho céac budng
phan ung tao nudc hoat hoa plasma. Nhém dap ung nhiém vu khac nhau trong
cac linh vuc y sinh va nong nghiép, cdc hé thdng phong dién rao can dién moi
DBD va hao quang c6 thé dugc két hop, sip xép theo nhiéu phuong 4n dé tao
nude hoat héa plasma c6 chura luong 16n loai ion cAn thiét theo yéu cau nhiém
vu. Cac hé théng st dung nguén dién cao thé U=6-30KkV, cao tan £ =10— 100
kHz phan tach hdn hgp dung dich nudc va khong khi tao ra luong 16n cac hat
dién tich, electron va khi ion c6 hoat tinh cao nhu O7, Oy, OH, NOy~, Ny, cac
nguyén tir va phan ti kich hoat O°, O,', O3, OH", HOO", NO,", ROS, RNS véi

mat do 16n, tron véi hoi nude tao nude hoat hoa plasma.

Khia canh tiép theo cla sang ché dé cap dén cac hé thdng tao nudc hoat
hoa plasma phong dién rao can dién moi DBD va hao quang dién. Heé thdng thir
nhét tao nudc hoat hoa plasma PAW phong dién rao can dign moéi DBD dién cuc
thanh trong khong khi ¢ céu tao gdm hé thong cép dién, nude va khong khi,
khoang trdn, budng phan tng tao nude hoat hoa plasma, khoang ngung tu. Budng
phan tmg tao nude hoat hoa plasma la bo phén co ban cua hé thdng phan tach hon
hop dung dich nudc va khong khi khi cac phan tir di qua vang phong dién rao can
dién moi DBD gitra cac thanh dién cuc. Hon hop dung dich nudc va khong khi
sau khi phan tach s& dugc ngung tu tao nudc hoat hoa plasma tai khoang ngung
tu.

Heé thong thir hai tao nuGc hoat hoa plasma PAW phong di€n rao can dién

méi DBD dién cuc thanh trong nude c6 cau tao gom hé thong cap dién va nudc,

5
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budng phan tmg tao nudc hoat hda plasma, khoang chtra nudc hoat héa plasma.
Budng phéan (mg tao nudc hoat hoa plasma phéan tach dung dich nuéc bing qué
trinh phong dién rao can dién moi DBD gifta cac cédp dién cuc trong nudc tao ra
lugng 16n ion c6 hoat tinh cao, khuéch tan ra méi trudng xung quanh. Sau do,
nuéc hoat hda plasma dugc bom ra tir buéng phan ng tao nudc hoat hoa plasma
vao chura tai khoang chira nudce hoat hoa plasma.

Heé thdng thr ba tao nude hoat hoa plasma PAW hao quang dién trong hon
hop hoi nude va khong khi st dung gian dién cuc ¢6 cAu tao gdm hé théng cap
dién, nudc va khong khi, khoang tron, budng phan tng tao nudc hoat hoa plasma,
khoang ngung tu. Hé théng mod phdng hién tuong phong dién (sét) trong tu nhién.
Hdn hop hoi nude va khong khi duge tron déu trong binh tron sau do phun vao
budng phan tmg tao nudc hoat hoa plasma. Tai day cac phén tu bi ion hoa bsi qua
trinh phong dién truc tiép giita c4c dién cuc, tao ra lugng 1o6n cac hat dién tich,
electron va khi ion hoat tinh cao. Hdn hop hoi nude va khong khi sau khi bi ion
hoa s& dugc ngung tu tao nude hoat hoa plasma tai khoang ngung tu.

Heé théng tht tu tao nudce hoat hoa plasma PAW hao quang dién trong
khong khi va nuge s dung gian dién cuc chu tao gdm hé théng cép dién, nudce
va khong khi, budng phan tmg tao nudc hoat hda plasma, khoang chtra nu¢e hoat
hoa plasma. Trong budng phan tng tao nudc hoat hoa plasma qua trinh phong
dién dién ra trong ca pha khi va pha long. Khong khi va dung dich nudce bi ion
hoa tao ra luong 16n céc hat dién tich, electron va khi ion hoat tinh cao. Hon hop
khi ion va céc nguyén tu, phan tir kich hoat, ROS, RNS dugc dua tré lai hoa tan
trong nudc dé ting mat do céc loai khi nay trong nudc hoat hoa plasma. Hé thong
duoc tich hop van va dng dan tir budng phan mg tao nudc hoat hoa plasma t6i

khoang chira nuGc hoat héa plasma.
Mo ta vén tit cac hinh vé

Hinh 1 thé hién hinh dang va ciu tao ciia hé théng tao nudc hoat hoa plasma

PAW phoéng dién rao can dién moéi DBD dién cuc thanh trong khong khi.
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Hinh 2 thé hién cAu tao budng phan ng tao nudc hoat hoa plasma cia hé
thdng tao nudc hoat hda plasma PAW phong dién rao can dién moi DBD dién cuc
thanh trong khong khi.

Hinh 3 thé hién hinh dang va cAu tao ctia hé théng tao nuGc hoat hoa plasma
PAW phong dién rao can di¢n mdi DBD dién cuc thanh trong nudc.

Hinh 4 thé hién cAu tao budng phan tng tao nudc hoat hoa plasma cta hé
thng tao nude hoat hoa plasma PAW phong dién rao can dién moi DBD dién cuc
thanh trong nudc.

Hinh 5 thé hién hinh dang va cAu tao ctia hé thdng tao nude hoat hoa plasma
PAW hao quang dién trong hdn hop hoi nuée va khong khi sit dung gian dién cuc.

Hinh 6 thé hién cAu tao budng phan tng tao nudc hoat hoa plasma cua hé
théng tao nudc hoat hoa plasma PAW hao quang dién trong hdn hop hoi nude va
khong khi str dung gian dién cuc.

Hinh 7 thé hién hinh dang va cAu tao ctia hé théng tao nuéc hoat hoa plasma
PAW hao quang dién trong khong khi va nu¢e st dung gian dién cuc.

Hinh 8 thé hién ciu tao buéng phan tng tao nudc hoat hoa plasma cua hé
thong tao nudc hoat hoa plasma PAW hao quang dién trong khong khi va nudc
stir dung gian dién cuec.

M5 ta chi tiét sang ché

Hé¢ théng tao nudc hoat hoa plasma phong dién rao can dién moi DBD va
hao quang cho y sinh va nong nghié¢p bao gbm: hé thdng tao nu¢e hoat hoa plasma
PAW phéng dién rao can dién mo6i DBD dién cuc thanh trong khong khi 100, hé
théng tao nudc hoat hoa plasma PAW phong dién rao can dién mo6i DBD dién cuc
thanh trong nude 200, hé théng tao nudc hoat hoa plasma PAW hao quang dién
trong hdn hop hoi nude va khong khi s dung gian dien cuc 300, hé thng tao
nuéce hoat hoa plasma PAW hao quang dién trong khong khi va nudc st dung gian
dién cuc 400. Nham d4p tmg nhiém vu khac nhau trong c4c linh vuc y sinh va

nong nghiép, cac hé thdng c6 thé duoc két hop va sap xép theo nhiéu phuong 4n
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dé tao nugc hoat hoa plasma c6 chira lugng lon loai ion can thiét theo yéu cau

nhiém vu.

Hinh dang va ciu tao ctia hé théng tao nudc hoat hoa plasma PAW phong
dién rao can dién moi DBD dién cuc thanh trong khong khi 100 dugc thé hién
trong Hinh 1 va Hinh 2. Trong d6 {8 tién theo d3i, cac s chi dan trong céu tao
chung dugc bat dau béng chit s6 10, vi du 110, 120; twong tu cic s6 chi dan céu
tao chi tiét ciia ting bo phén trong hé théng duoc bat dau béng chit s6 1, vi du
111, 112.

H¢ théng tao nudc hoat hoa plasma PAW phong dién rao can dién moi DBD
dién cuc thanh trong khong khi 100 duoc thé hién trong Hinh 1 ¢6 cAu tao gdm
hé théng cép dién, nudce va khong khi 110, khoang tron 120, budng phan tGng tao
nude hoat héa plasma 130, khoang ngung tu 140. He thdng cdp dién, nudc va
khong khi 110 bao gdm céc ngudn dién cao thé U =6 — 30 kV, cao tan f=10 —
100 kHz, hé théng cdp dung dich nudc va bom khong khi. Budng phan tng tao
nuéc hoat hoa plasma 130 dugc thé hién trong Hinh 2 bao gdm phan vé 131 va
gian dién cyc thanh 132. Gian dién cuc thanh 132 gém cac 16p dién cuc voi 161
dién cuc nhom hodc thép inox 304 dudng kinh d = 2 — 6 mm ndi voi hai cuc cia
nguén dién cao thé, cao tan theo timg cip, dién cuc dugc boc trong cac éng thach
anh c¢6 do tinh khiét 99,95% — 99,99%. Cac 6ng thach anh dugc ddt song song
cach nhau 3 — 10 mm. Dung dich nuéc va khong khi dugc cap tir hé thong cap
dién, nudc va khong khi 110 vao khoang tron 120, tao hdn hop dung dich nude
va khong khi, hdn hop dugc phun suong vao budng phan mg tao nudc hoat hoa
plasma 130. Budng phan tmg tao nudc hoat héa plasma 130 la bd phan co ban
cta hé théng phan tach hdn hop dung dich nude va khong khi khi cac phan tu di
qua vung phong dién rao cén dién mdi DBD gitta gian dién cuc thanh 132. Hon
hop dung dich nuge va khong khi sau khi phan tach s& dugc ngung tu tao nuoc

hoat héa plasma tai khoang ngung tu 140.
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Hinh dang va céu tao cua hé thdng tao nudc hoat hoa plasma PAW phong
dién rao can dién mdi DBD dién cuc thanh trong nudc 200 dugc thé hién trong
Hinh 3 va Hinh 4. Trong d6 dé tién theo doi, cac sb chi dan trong cAu tao chung
duoc bat dau béng chit s6 10, vi du 210, 220; tuong tu cac s6 chi dn céu tao chi
tiét ctia tmg bo phéan trong hé théng duoc bét dau béng chitsb 1, vidu211,212.

Hé théng tao nudc hoat hoa plasma PAW phong dién rao can dién moi1 DBD
dién cuc thanh trong nudc 200 dugc thé hién trong Hinh 3 ¢ chu tao gém hé
théng cip dién va nude 210, budng phan tng tao nudc hoat hoa plasma 220,
khoang chtta nugc hoat hoa plasma 230. He thdng cép dién va nuge 210 bao gém
cac nguf?)n dién cao thé U =6 — 30 kV, cao tan £= 10 — 100 kHz, hé théng cép
dung dich nudec. Buéng phan Gng tao nudc hoat hoa plasma 220 duogc thé hién
trong Hinh 4 bao gdm phan vo 221 va gian dién cyc thanh 222. Gian dién cuc
thanh 222 gdm cac 16i dién cuc nhom hogc thép inox 304 duong kinhd =2 -6
mm boc trong céc 6ng thach anh c6 do tinh khiét 99,95% — 99,99%. Dung dich
nude dugc cip tir hé théng cip dién va nudc 210 vao budng phan g tao nudc
hoat hoa plasma 220. Budng phan ting tao nudc hoat hoa plasma 220 phéan tach
dung dich nudce bang qua trinh phong dién rao cdn dién moi DBD gilta cac gian
dién cuc thanh 222 trong nudc tao ra lugng 16n ion co hoat tinh cao, khuéch tan
ra moi truong xung quanh. Sau do, nude hoat hoa plasma duoc bom ra tir budng
phén ting tao nudce hoat hoa plasma 220 vao chira tai khoang chira nudc hoat hoa
plasma 230.

Hinh dang va cAu tao cta hé théng tao nudc hoat hoa plasma PAW hao
quang dién trong hdn hop hoi nuée va khong khi su dung gian dién cuc 300 dugc
thé hién trong Hinh 5 va Hinh 6. Trong do6 dé tién theo doi, céac sb chi dan trong
cAu tao chung duoc bét dau béng chit s6 10, vi du 310, 320; tuong tu cac sb chi
dan cu tao chi tiét cua timg bo phan trong hé thong duoc bét dau bang chir s6 1,
vidu311,312.

Hé théng tao nude hoat hoa plasma PAW hao quang dién trong hdn hop

hoi nude va khong khi st dung gian dién cuc 300 dugc thé hién trong Hinh 5 ¢6
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cAu tao gém hé théng cép dién, nuéc va khong khi 310, khoang tron 320, buéng
phan (mg tao nudc hoat hoa plasma 330, khoang ngung tu 340. H¢ thong mo
phong hién tuong phong dién (sét) trong tu nhién. Hé thdng cép dién, nude va
khong khi 310 bao gbm céc ngudn dién cao thé U = 6 — 30 kV, cao tén_ f=10-—
100 kHz, hé théng cap dung dich nudc va bom khong khi. Budng phan tng tao
nuéc hoat héa plasma 330 dugc thé hién trong Hinh 6 bao gbm phan vé 331 va
gian dién cyc 332. Gian dién cuc 332 gém cac thanh nhom hodc thép inox 304
dudng kinh d =2 — 6 mm, vudt nhon & dau, duoc sép xép thanh chudi cic cip
dién cuc cach nhau 50 — 100 mm theo phuong thang dung trong budng phan (mg
tao nude hoat hoa plasma hinh try. MBOi cap dién cuc ¢ hai dau vudt nhon dat ddi
dién nhau, hai dau con lai ndi v4i hai cuc cua nguén dién cao thé, cao tan. Hoi
nude va khdng khi duge cép t hé théng cép dién, nude va khong khi 310 vao
khoang tron 320, tao hdn hop hoi nude va khong khi, hdn hop dugc phun suong
vao budng phan tng tao nudc hoat hoa plasma 330. Budng phan tng tao nudc
hoat hoa plasma 330 phan tach hdn hop hoi nuéc va khong khi khi cac phén tir di
qua vung phong dién truc tiép gitta cac dién cuc cua gian dién cuc 332. Hon hop
hoi nuéc va khong khi sau khi bi ion hoa s& dugc ngung tu tao nudce hoat hoa
plasma tai khoang ngung tu 340.

Hinh dang va cAu tao cua hé thdng tao nudc hoat hoa plasma PAW hao
quang dién trong khong khi va nude su dung gian dién cuc 400 dugc thé hién
trong Hinh 7 va Hinh 8. Trong do6 8 tién theo doi, cac s6 chi dan trong céu tao
chung duoc bt dau béng chit s6 10, vi du 310, 320; tuong tu cac s6 chi dan ciu
tao chi tiét cua timg bd phén trong hé théng duoc bt dau bang chit sb 1, vi du
311, 312.

Heé thong tao nudc hoat hoa plasma PAW hao quang dién trong khong khi
va nude st dung gian dién cuc 400 dugc thé hién trong Hinh 7 cAu tao gdm hé
théng cap dién, nudc va khong khi410, budng phan mg tao nudc hoat hoa plasma
420, khoang chtra nudc hoat héa plasma 430. He théng cép dién, nudc va khong
khi 410 bao gdm cac ngudn dién cao thé U =6 — 30 kV, cao tan f= 10— 100 kHz,
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hé théng cép dung dich nude va bom khong khi. Budng phan tng tao nudc hoat
hoa plasma 420 dugc thé hién trong Hinh 8 bao gdm phan vo 421 va gian dién
cuc 422. Gian dién cuc 422 gbm céc thanh nhém hodc thép inox 304 duong kinh
d =2 — 6 mm, vudt nhon & dau. Trong budng phan tng tao nudc hoat hoa plasma
420 qua trinh phong dién din ra trong ca pha khi va pha long. Dung dich nudc
va khong khi duoc cap tir hé thdng cap dién, nudc va khong khi 410 vao budng
phan ting tao nudc hoat hoa plasma 420. Khong khi va dung dich nudc bi ion hoa
tao boi su phong dién truc tiép ctia gian dién cyc 422 tao ra luong lon cac hat
dién tich, electron va khi ion hoat tinh cao. Trong buéng phan ung tao nudc hoat
hoa plasma 420 hdn hop khi ion va cac nguyen ti, phan tir kich hoat, ROS, RNS
duoc dua trd lai hoa tan trong nude dé tang mat do céc loai khi nay trong nude
hoat hoa plasma. Sau do, nudc hoat hoa plasma duoc bom ra tir budng phan (mg
tao nudc hoat hoa plasma 420 vao chira tai khoang chtra nudc hoat hoa plasma

430.
Hiéu qua cia sang ché

Hé thdng tao nudc hoat hoa plasma phong dién rao can dién mo6i DBD va
hao quang cho y sinh va ndng nghi€p la cong nghé mdi tién tién gitp giai quyét
nhidu nhiém vu quan trong, trong dé c6 kich thich téng truong cay trong, khir
khuén, chéng sdu bénh, giam tdn du thude trir sau, thudc bao quan thyuc vat va
cac hoa chit doc hai khac trén bé mat cac loai ndng san, thuc phém.

Hé théng ¢ chu tric mo6 dun phu hop cong suét thiét ké, d& 1ép dat, hoat
dong 6n dinh & ap sudt khi quyén va nhiét do thuong, khong gdy 6 nhim thir cap,

an toan cho nguoi, than thién véi moi truong.
100. Heé thong tao nudc hoat hoa plasma PAW  300. He théng tao nudc hoat hoa plasma

phong dién rao can dién méi DBD dién cuc PAW hao quang dién trong hén hop hoi
thanh trong khong khi. nude va khong khi st dung gian dién cuc
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110. He théng cép dién, nude va khong khi.

120. Khoang tron.

130. Budng phan ting tao nudc hoat hoa plasma.

131. Phan vé.
132. Gian dién cuc thanh.
140. Khoang ngung tu.

200. Hé thdng tao nudc hoat hoa plasma PAW

phong dién rao can dién moi DBD dién cuc

thanh trong nudc.

210. Hé thong cép dién va nuoc.

220. Budng phan tmg tao nudc hoat hoa plasma.

221. Phan vé.
222. Gian dién cuc thanh.

230. Khoang chtra nude hoat hoa plasma.

12

310. Hé thdng cép dién, nudc va khong
Kkhi.

320. Khoang tron.

330. Budng phan tng tao nudc hoat hoa
plasma.

331. Phén vo.

332. Gian dién cyc.

340. Khoang ngung tu.

400. Hé thdng tao nude hoat hoa plasma
PAW hao quang dién trong khong khi va
nude st dung gian dién cuc.

410. He théng cip dién, nude va khong
Kkhi.

420. Budng phan (mg tao nudc hoat hda
plasma.

421. Phén vo.

422. Gian dién cyec.

430. Khoang chtra nudc hoat hoa plasma.
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YEU CAUBAO HQ

1. Hé théng tao nudc hoat hoa plasma PAW phéng dién rao can dién moi
DBD dién cuc thanh trong khong khi (100) c6 cu tao gdm hé théng cp dién,
nuée va khong khi (110), khoang tron (120), budng phan tGng tao nudc hoat hoa
plasma (130), khoang ngung tu (140); hé thdng cip dién, nudc va khong khi (110)
bao gém cac nguén dién cao thé U = 6 — 30 kV, cao tan £ = 10 — 100 kHz, hé
thdng cap dung dich nuge va bom khong khi; budng phan tng tao nude hoat hoa
plasma (130) bao gdm phan vé (131) va gian dign cuc thanh (132); gian dién cuc
thanh (132) gdm céc 16p dién cyc v6i 161 dién cuc nhdom hodc thép inox 304 duong
kinh d = 2 — 6 mm ndi v6i hai cuc ctia ngudn dién cao thé, cao tan theo ting cap,
dién cuc duoc boc trong cac 6ng thach anh c6 do tinh khiét 99,95% — 99,99%;
cac 6ng thach anh dugc dit song song cach nhau 3 — 10 mm; dung dich nuéc va
khong khi dugc cép tir hé théng cép dién, nu6c va khong khi (110) vao khoang
tron (120), tao hdn hop dung dich nude va khong khi, hon hop dugc phun suong
vao budng phan tng tao nudc hoat héa plasma (130); budng phan g tao nude
hoat hoa plasma (130) 1a b phén co ban cua hg thdng phan tach hdn hop dung
dich nu6c va khong khi khi cdc phan ti di qua ving phong dign rao can dién moi
DBD gifta gian dién cuc thanh (132); hdn hop dung dich nudce va khong khi sau
khi phén tach s& dugc ngung tu tao nudc hoat hoéa plasma tai khoang ngung tu
(140).

2. Hé théng tao nudc hoat hoa plasma PAW hao quang dién trong hdn hop
hoi nuée va khong khi st dung gian dién cuc (300) co cAu tao gdm hé thong cap
dién, nudc va khong khi (310), khoang tron (320), buéng phan tng tao nude hoat
héa plasma (330), khoang ngung tu (340); hé théng mo phong hién tuong phong
dién (sét) trong tu nhién; hé théng cép dién, nude va khong khi (310) bao gdm
cac ngudn dién cao thé U = 6 — 30 kV, cao tan =10 — 100 kHz, h¢ thdng cap
dung dich nudc va bom khong khi; budng phan mg tao nudc hoat hda plasma

(330) bao gdm phan v (331) va gian dién cyc (332); gian dién cyc (332) gbdm
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cac thanh nhom hoic thép inox 304 dudong kinh d =2 — 6 mm, vudt nhon & dau,
duge sép xép thanh chudi cac cap dién cuc cdch nhau 50 — 100 mm theo phuong
thang dimg trong budng phan ting tao nudc hoat héa plasma hinh tru; mdi cip
dién cuc c6 hai diu vudt nhon dat ddi dién nhau, hai dau con lai ndi véi hai cuc
cta ngudn dién cao thé, cao tn; hoi nuéc va khong khi duge cép tir hé théng cap
dién, nuéc va khong khi (310) vao khoang tron (320), tao hdn hop hoi nude va
khong khi, hdn hgp dugc phun suong vao budng phan tng tao nudc hoat héa
plasma (330); budng phan tmg tao nudc hoat hoa plasma (330) phan tach hon hop
hoi nudc va khong khi khi cac phén tir di qua ving phong dién trire tiép giita cac
dién cuc cua gian dién cuc (332); hdn hop hoi nude va khong khi sau khi bi ion

hoéa s& duge ngung tu tao nude hoat hda plasma tai khoang ngung tu (340).
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