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Heé thong duogc thiét ké theo dang mo dun véi bo phan co ban 1a budng phan ung plasma
str dung cac dau phat plasma lanh hd quang truot cho phan tach hdn hop dung dich nudc
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ROS, RNS véi hé thong tron hoi nude va ngung tu tao nudc hoat hoa plasma.
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Linh vye ky thuit dwoc dé cap

Sang ché d& cap dén hé théng tao nuée hoat hoa plasma PAW (Plasma activated
water) phong dién hd quang trugt véi bo phan co ban 1a budng phan ung plasma sur
dung céc dau phat plasma lanh cho phan tdch hdn hop dung dich nuéc va khong khi
tao ra luong 16n cac hat dién tich, electron va khi ion cé hoat tinh cao nhu O, O,~, OH~
- NOx', Nz, cde nguyén tir va phan tit kich hoat O°, 0,", 05", OH", HOO", NO", ROS
(reactive oxygen species), RNS (reactive nitrogen species) voi hé théng tron hoi nude

va ngung tu tao nudc hoat héa plasma.

H¢ théng duoc thiét ké theo dang mé dun tao ra cdc gdc nitrit va nitrat ¢6 tac
dung nhu phan dam tu nhién, ting ti 18 ndy mam cua hat, gilp tang truéng nhanh, ting
ning sudt va chét lugng cdy trong, img dung t4t trong y sinh va nong nghiép. Ngoai ra,
nudce hoat hda plasma duoc hoa tron va hép phu luong 16n cac khi ion ¢6 hoat tinh cao,
¢6 tdc dung khtr khuén cho hoa qua, ndng san thuc phém, dugc liéu, trang thiét bi y té,

céc loai bé mat phure tap, cac loai vat li€u khong gia nhiét, cdc bé mit ngam nudc v.v.

He théng duoc thiét ké theo dang mo dun, dé lip dat va van hanh, khong héa
chét, khong gay 6 nhidm thi cép, hoan toan than thién v&i moi truong va an toan cho

con nguoi.

Tinh trang k§y thuit cta sing ché

Hién nay, trén thé gi6i cac loai nude hoat hoa plasma PAW thudng c6 thanh
phan da dang cdc ROS, RNS, trong d6 c¢6 cac gbc nitrit va nitrat, c6 tdc dung nhu phan
dam tu nhién, tang tf 1€ ndy mam cua hat, gilip téng truéng nhanh, ting ning suét va
chét luong cdy trong, ng dung tdt trong cac linh vuc y sinh va ndng nghiép.

Hoat tinh sinh hoc ctia nu6e hoat héa plasma ¢6 lién quan truc tiép dén thanh
phan va ndng dd cua cac ROS, RNS. C6 thé chia phuong phép tao nudc hoat hda
plasma thanh hai nhém chinh, nhém st dung su tuong tac cia dong plasma v6i dung
dich vd nhém tao plasma truc tiép trong dung dich (US10669169B2,
WO2017049263A1, US20170128906A1, WO2016096751A1, CN108383205A,
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CN108496959A, "CN109775800A, CN109796066A, CN110734112A,
US10350572B2).

Co ché khir khuén, diét virus cta nudce hoat hoa plasma dua trén céc cac hat dién
tich, electron va khi ion ¢6 hoat tinh cao nhu O, 05, OH~, NOx~, Ny, cac nguyén tu
va phan tir kich hoat O, 0,", 05", OH", HOO",NOy’, ROS, RNS. Trong d6 hydrogen
peroxide H,0», ozon O3 va gdc hydroxyl OH' 1a céc tac nhan chinh trc ché va tiéu diét
céc loai vi khuén, virus bing qua trinh peroxy héa lipid thong qua viéc khtr H khoi cac
axit béo khong bdo hoa, d3n dén hinh thanh malondialdehyde (MDA), lam pha huy cac
protein, gay ton thwong mang té bao, DNA va RNA, gop phan lam chét té bao. Céc ion
nitrat NO3, nitrit NOy, gbc nitric oxide NO" cling 13 nguyén nhén gay ra su bét hoat
ctia vi khudn, virus thong qua viéc giam gié tri pH clia nude hoat hoa plasma va hinh
thanh peroxynitrit ONOOH va OONO" 1a mot chét doc ddi voi cac té bao, co kha nang
tAn cong va phd huy cac dai phan to quan trong trong té bao. Bén canh d6 cac ROS
(reactive oxygen species), RNS (reactive nitrogen species) trong nude hoat hoa plasma
cling dong vai trd 16n trong viée tang ty 1& nay mam, kich thich phat trién ciia hat giéng,
kich thich sinh truéng cua cac loai cay trdng. Trong do, hydrogen peroxide H,Os ¢o
thé kich hoat cac gen CAT dé téng hop cac protein, tang cuong kha nang nay mam cla
hat giéng. C4c ion nitrat NO3’, nitrit NO,", NH4" va gdc nitric oxide NO" dong vai tro
la nguén cung cép nito quan trong va tang cuong sy phat trién cho cay trong. Nitrat
NO5 con 1a mot phan ti tin hiéu quan trong cua té bao, co lién quan dén viéc diéu
chinh s trao ddi chat va phat trién & thyc vat.

Tuy nhién hi¢u qua kKhr khuén cta céc loai nuéc hoat hoa plasma hién nay duoc
nghién cltu trén thé gi6i khong cao do da phén st dung hé théng phong dién truc tiép
trong nudce, hode phong dién rao can dién mdi DBD, nang luong thap, mat do dong
khong cao, chu yéu tao ra cac ROS va RNS, mat dd cac ion thép.

Ngoai ra, dé giai quyét bai toan khir khuan trén dién rong cho y sinh nhu khu
khuén cdc trang thiét biy té va xtr Iy hoa qua, thuc phém, dugc liéu, phuong phap hap
plasma st dung céc dAu phat plasma nhu céc budng phan tng plasma déc biét cho phan
tach va tao ra mot lugng 16n cac hat dign tich, electron va khi ion c6 hoat tinh cao O,

05, OH-, NO, Ny, cdc nguyén tir va phén ti kich hoat 0', 0y, 05", OH", HOO", NOy/,
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ROS, RNS v6i mét do 16n va tia cuc tim UV ¢6 kha nang khir khuan cao 1a phuong
phap mai dang dugc nghién ctru va thr nghiém bdi nhom tac gia theo sang ché va cac
phong thi nghiém khac trén thé giéi, budce dAu da cho nhitng két qua rat quan trong, cé
tinh tng dung cao trong thuc té. Ung dung dong cic dién tich va khi ion tir cac ngudn
plasma lanh mé& ra cach tiép can mé&i cho nhiém vu khir khuén, diét virus va cac vi sinh
vat khac trén bé mit va trong khong khi. Nhiéu thu nghiém khoa hoc duoc cong b
trén thé gigi da ching minh tinh an toan va hiéu qua trong st dung céc dién tich va khi
ion cua dong plasma lanh cho céc img dung nhu diéu tri vét thuong hd, xtr Iy ndng san
thuc phém, ti€t trung dung cu y té, diét virus, vi khudn, ndm va cac vi sinh vat khéc

trén bé mat trang thiét bi, thuc phdm va trong khong khi.

Mic di khi ion tir cic ngudn phét plasma c6 ing dung to 16n cho nhiém vu khtr
khuén bé mit, nhung d6i voi cac bé miat néng san thuc phém ngam nudc nhu tom, thit,
¢4, hau, sO v.v. cdc dong khi ion khé c6 thé xu ly triét dé do tinh hap phu khong cao,
khi ion d& bi tdng hop va khuéch tan trong khong khi. Vi vay, dé giai quyét bai toan
kht khuén d6i véi céac loai ndng san thyc phém ngdm nudc, cac dung cu y sinh ¢o bé
mat gES ghé, phtre tap, cac bé mat Xép, céc bé mat rd, cac bé mat co do thdm théu cao
can phai st dung nude hoat héa plasma.

Nhom tac gia theo sang ché di tién hanh cac nghién ctru co ban va nghién ciu
ing dung dé danh gia hiéu qua téc dong ctia ROS, RNS va khi ion cho ting trudng céy
tréng, cling nhu tac dong khir khuan. Cac két qua nghién ciru va thue nghiém cho thiy
kha ning khir khuan cao hon hin ctia cac khi ion so v&i cac ROS va RNS.

Nhom téc gia theo sang ché dé xuit mot phuong phap méi tao nude hoat hoa
plasma, cho hiéu qué cao hon hén bang phuong phap tron hdn hop c6 mat do khi ion
16n va c4c thanh phan ROS, RN'S tir cac ngudn phéng dién hd quang trugt véi hoi nude
tao nuéc hoat hoa plasma. Do str dung cac hé thong phong dién hd quang truot tao ra
mat do 16n khi ion nén nude hoat héa plasma theo sang ché c6 hoat tinh cao hon han
cac loai nudc hoat hoa plasma khac (dung phong dién rao can dién moi DBD, truc tiép
trong nudc hodc moi truong khdng khi tron hoi nudce).

Nhom t4c gia theo sang ché da cong bd cac két qua nghién ctru ctia minh véi céc

ing dung cong nghé dic biét trong cac don da dang ky sang ché nhu: 1-2020-00131 -



36524

Thiét bi xr Iy néng san thuc pham céng nghé plasma, 1-2020-02027 — Hé thdng thir
nghiém khtr khudn bé mit cong nghé plasma, 1-2020-01992 — Hé thong budng khir
khuédn cong nghé plasma chdng 14y nhiém chéo va diét virus, 1-2020-04182 — Hé thdng
dau phat plasma lanh cao thé, cao tan, dung khéng khi cho khur khuén bé mit trén dién
rong ung dung trong cac linh vuc y sinh va ndng nghiép, 1-2020-04184 — Hé thong
sting phun khi ion plasma dung khong khi cho khtr khudn bé mat trén dién rong, 1-
2020-04185 — Hé thng day chuyén khir khuin bé mat cong nghé plasma cho xur Iy céc
loai trang thiét bi y té va bao bi, 1-2020-04183 — Hé thng day chuyén khir khudn bé
mit cong nghé plasma cho xir Iy va bao quan hoa qua, thuc phdm va duoc liéu.

Heé thdng tao nudc hoat hoa plasma PAW phéng dién hd quang truot theo séng
ché ¢6 bo phan co ban 1 budng phan tng plasma, sir dung cdc dau phat plasma lanh
cho phan tach hdn hop dung dich nuée va khong khi tao ra lugng 16n céc hat dién tich,
electron va khi ion ¢6 hoat tinh cao nhu O, 0,7, OH~, NOy", Ny, cac nguyén tir va phan
tir kich hoat O, Oy, 05", OH", HOO", NO,", ROS, RNS v6i hé théng tron hoi nude va

ngung tu tao nude hoa_t héa plasma.

He¢ théng duoc thiét ké theo dang md dun tao ra céc géc nitrit va nitrat co tac
dung nhu phan dam ty nhién, ting ti 1& ndy mam cua hat, gitip ting trudng nhanh, ting
ning suat va chat luong cdy trong, tmg dung tét trong y sinh va néng nghiép. Ngoai ra,
nudce hoat hoa plasma dugc hoa tron va hép phu luong 16n cac khi ion c6 hoat tinh cao,
c6 tac dung khir khuén cho hoa qud, nong san thuc phém, dugc lidu, trang thiét bi y té,
c6 loai bé mit phtic tap, céc loai vat liéu khong gia nhiét, cac bé mat ngdm nudce v.v.
Ban chét ky thuat ciia sing ché

Bén chét k¥ thuat cta sang ché 1a viéc sir dung céc dau phat plasma lanh cho
phan tich hdn hop dung dich nudc va khong khi tao ra luong 16n céc hat dién tich,
electron va khi ion c¢6 hoat tinh cao nhu O, O, OH", NOy, Ny, cdc nguyén ti va phén
tir kich hoat O, O,", 05", OH", HOO", NO,", ROS, RNS v6i hé thdng tron hoi nudc va
ngung tu tao nude hoat hoa plasma.

Hon hop hoi nuée tron khi ion va ROS, RNS duoc ngung tu, tao thanh nuéc

hoat héa plasma chira khi ion hoa tan va cac gbc nitrit va nitrat ¢6 tac dung nhu phan
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dam ty nhién, ting ti 1& ndy mam cia hat, gitip tang trudng nhanh, ting ning suit va
chit luong cdy trong, tmg dung tét trong y sinh va ndng nghiép. Ngoai ra, do lugng 1én
khi ion, cdc nguyén tir va phan ti kich hoat, ROS, RNS duogc hoa tan trong nudc nén
nudc hoat hda ¢o tac dung khir khuén cao cho hoa qué, ndng san thuc phém, duoc liéu,
trang thiét biy té, cac loai bé& mat phtrc tap, céc loai vat liéu khong gia nhiét, cac bé

mat ngdm nudc v.v.

Hé théng tao nudc hoat hoa plasma phéng dién hd quang trugt duoc cAu thanh
tir nhiéu mé dun, trong d6 mdi mo dun bao gdm: budng phan tmg plasma, budng ngung

tu va budng chtra nuéc hoat hoa plasma.

Budng phén ung plasma bao gdbm hé théng cac dau phat plasma phéng dién hd
quang trugt dugc bd tri theo ting va so le véi nhau, hé thdng cap swong dau vao, bo ga

dau phat plasma, hé théng din hdn hop swong-khi ra khoi budng phan tmg.

Hé théng cdp suong dau vao duogc b tri & phia trén budng phan g gitp ting
ti da hiéu suét hép phu khi ion, cic nguyén tir va phan tr kich hoat, ROS, RNS duoc
tao ra bdi cac diu phat plasma. Cac dau phat plasma dugc bd tri déu xung quanh thanh
budng phan tmg thanh céc tng xen k& nhau, dam bao phan b déu luong khi ion, ROS,
RNS. Céc diu phét plasma phéng dién hd quang truot sir duhg khong khi va dung dich
nudc tao ra lugng 16n céc hat dién tich, electron va khi ion ¢6 hoat tinh cao nhu O, O,
, OH,NO, Ny, cac nguyén tir va phan tir kich hoat O°, 0,", 05", OH", HOO", NO,", ROS,
RNS. Tap hop céc dau phat plasma tich hop bén trong budng phan ting san sinh ra mot
luong 16n khi ion, cac nguyén tir va phan tt kich hoat, ROS, RNS va hoi nudc, sau

ngung tu cho phép tao ra mot loai nuge hoat hda plasma dic biét.

Hé théng cip swong dau vao gdm bo g4 va hé thdng dau phun suong giup tao
cac hat nuéc nho (swong) dudng kinh duéi 0.1 mm hép phu tét cac khi ion, cac nguyén
twr va phan tir kich hoat, ROS, RNS tir c4c dau phét plasma phéng dién hd quang truot.
B0 gé hé théng phun suong vira ¢6 vai trd giit ¢d dinh hé théng dau phun suong, vira

¢6 téc dung nhu nép day budng phan Ung plasma.

Hon hop khi ion, cac nguyén tir va phan tir kich hoat, ROS, RNS duoc hip phu

trong hoi nudc, swong va duge dua xudbng budng ngung ty, thong qua hé thdng dan
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hdn hop suong-khi, tiép tuyén voi mat cit cua khoang ngung tu, theo hinh xo#n bc di
xuéng vé6i tiét dién tang dan déu nhim thay dbi ap sudt, tao diu kién thuan loi cho qua

trinh ngung tu hoi nudc thanh nudce hoat hda plasma.

Budng ngung tu bao gdm: khoang ngung tu, thanh budng ngung tu, dng dan hdn
hop swong-khi diu ra, hé thong cip swong budng ngung tu va dau ra nuGe hoat héa
plasma. Khoang ngung tu dugc thiét ké c6 dang hinh nén cut. Hé thong cip suong
budng ngung tu duge bd tri phia trén cla khoang ngung tu c6 cdu tao gidng v4i hé
thdng cép suong budng phan Gng plasma nham cung cip thém luwong nude, dim bao
cho khi ion, cac nguyén tir va phén tr kich hoat, ROS, RNS dugc hép phu téi da trong
nudc, tao thanh nuée hoat hoa plasma co chtra lugng ion, cdc nguyén tir va phén tur
kich hoat, ROS, RNS cao. Hon hop suong-khi con lai theo dng din hdn hop swong-khi
d4u ra ¢ trung tm cua budng ngung tu dugc cip tré lai cho cic dau phét plasma, tao
chu trinh khép kin vi hiéu ning cao nhét.

MO ta vin tit cac hinh vé

Hinh 1 thé hién hé thdng tao nuéc hoat hoa plasma gdm nhiéu mé dun

Hinh 2 thé hién cAu tao chung cia mdt mo6 dun tao nudc hoat hoa plasma

Hinh 3 thé hién hinh chiéu bén ctia m6 dun tao nudc hoat héa plasma

Hinh 4 thé hién c4u tao chung ctia budng phan Gmg plasma
Hinh 5 thé hién mit cit va cdu tao chi tiét ciia budng phan mg plasma
Hinh 6 thé hién cAu tao chung cta hé thdng dau phun suong
Hinh 7 thé hién c4u tao chung ctia diu phat plasma
Hinh 8 thé hién mit cét va cdu tao chi tiét ciia budng ngung tu
Hinh 9 thé hién cdu tao chung ctia khoang ngung tu
Hinh 10 thé hién c4u tao chung ctia budng chira nuéc hoat héa plasma
M3 ta chi tiét sang ché
Hé théng tao nude hoat hoa plasma phong dién hd quang trugt cho y sinh va

nong nghiép theo sang ché duoc mo ta tir Hinh 1 dén Hinh 3. Hé thdng duoc céu thanh
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tir nhiéu mé dun, trong d6 mdi md dun c6 cau tao bao gdm: budng phan ng plasma

100, budng ngung tu 200 va budng chira nuéc hoat héa plasma 300.

Céc bd phén cua buéng phén ung plasma 100 dugc thé hién tir Hinh 4 dén Hinh
7. Trong d6 dé tién theo ddi, cac sé chi dan cua timg bd phén trong budng phan mg
plasma 100 duogc bat dau bfing chit s6 10, vi du 110, 120 v.v.; cac s6 chi dan ciu tao
chi tiét cia timg bd phan trong budng phan tmg plasma 100 dugc ky hidu bang chir s6

1,vidu 121, 122, 151 v.v.

Hinh dang va céu tao ctia budng phan Gng plasma 100 dugc thé hién qua Hinh
4 va Hinh 5. Budng phan tGng plasma 100 dugc mb ta trong sang ché nay bao gbém
thanh budng phan tmg 110, hé théng cip swong dau vao 120, bo g dau phat plasma
130, dau phat plasma 140, hé théng din hdn hop swong-khi ra khoi budng phan tmg
150. Cac dau phat plasma 140 duoc g4 ¢b dinh 1én thanh budng phan tng 110 nho cac
bd g4 dau phat plasma 130.

Hé thdng cép swong dau vao 120 dugc b6 tri & phia trén budng phan ting plasma
100, gitp tang t5i da hiéu sut hap phu khi ion, cic nguyén t va phan tit kich hoat,
ROS, RNS duoc tao ra boi cac dau phat plasma 140. Céc dau phat plasma 140 duoc
b6 trf déu xung quanh thanh budng phan tng 110 thanh c4c ting xen k& nhau, ddm béao
phan bb déu lugng khi ion, cac nguyén tir va phan ti kich hoat, ROS, RNS. Cac dau
phat plasma 140 phong dién hd quang trugt str dung khong khi va dung dich nuége tao
ra lugng 16n céc hat dién tich, electron va khi ion, cac nguyén tit va phan tir kich hoat
¢6 hoat tinh cao nhu O™, O,~, OH-, NO,~, N5, cdc nguyén tir va phén ti kich hoat O", O,
05", OH*, HOO", NOy", ROS, RNS. Téap hop céc dau phét plasma 140 tich hgp bén trong
budng phan ting plasma 100 san sinh ra mot lugng 16n khi ion, cdc nguyén tir va phan
tir kich hoat, ROS, RNS va hoi nudc, sau ngung tu cho phép tao ra mdt loai nude hoat

hoéa plasma déc biét.

Heé théng cdp swong dau vao 120 duoc md ta trong Hinh 5 gdm bo ga hé théng
phun swong 121 va hé théng ddu phun swong 122 gitip tao cac hat nuéc nhé (swong)
dudng kinh dudi 0.1 mm hip phu tét cac ion, ROS, RNS tir cac dau phat plasma 140

phéng dién hd quang truot. Bo ga hé thong phun suong 121 vira c6 vai tro gitt c¢b dinh
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hé thdng dau phun swong 122, vira ¢6 tic dung nhu nip day budng phan tng plasma
100.

Heé thdng dan hdn hop suong-khi ra khoi budng phén tmg 150 dugc md ta qua
Hinh 5 bao gdm: dau ra budng phan tng 151, éng din 152 va dau vao budng ngung tu
153. Hon hop khi ion, cdc nguyén tir va phan tir kich hoat, ROS, RNS duoc hép phu
trong hoi nuée, swong va duge dua xudng budng ngung tu 200, thong qua hé théng
dan hdn hop swong-khi ra khoi budng phan tng 150, tiép tuyén véi mit cit ciia khoang
ngung tu 210, theo hinh xo#n 6¢ di xudng véi tiét dién tang dan déu nham thay ddi ap
sut, tao diéu kién thuan loi cho qué trinh ngung tu hoi nudc thanh nudc hoat hda

plasma.

Budng ngung tu 200 dugc md ta trong Hinh 8 va Hinh 9 gdm: khoang ngung tu
210, thanh budng ngung tu 220, éng dan hdn hop swong-khi dau ra 230, hé thong cp
suong budng ngung tu 240 va diu ra nuéc hoat hoa plasma 250. Khoang ngung tu 210
duge thiét ké c6 dang hinh nén cut. Hé théng cip swong budng ngung tu 240 duoc bd
tri phia trén ctia khoang ngung tu 210, ¢ cdu tao gidng v6i hé thdng cip swong diu
vao 120 budng phan tng plasma nhdm cung cép thém lugng nude, dam bao cho khi
ion, cdc nguyén tir va phan tir kich hoat, ROS, RNS duoc hip phu tdi da trong nudc,
tao thanh nuGe hoat hda plasma c6 chita lugng ion, ROS, RNS cao. Hon hop suong-
khi con lai theo éng dAn hdn hop suong-khi déu ra 230 & trung tim cta budng ngung
tu 200 duoc cép trd lai cho cac dau phat plasma 140, tao chu trinh khép kin v6i hiéu

ndng cao nhat.

Budng chtra nuéc hoat hoa plasma 300 duge md ta trong Hinh 10. Budng chira
nude hoat hoa plasma 300 dugce st dung dé luu trt nuGe hoat hoa plasma tao ra, dugc
thiét ké dang tich hop vao hé thong, c6 thé théo 1ip d& dang dé van chuyén di xa.

Hi¢u qua sang che

Hé thdng tao nuéc hoat héa plasma phéng dién hd quang truot theo sang ché
gitp ngung tu hdn hop hoi nuéc tron khi ion, cac nguyén tir va phan tir kich hoat va
ROS, RNS tao thanh nudéc hoat héa plasma chira khi ion hoa tan va cc gdc nitrit va

nitrat ¢6 tic dung nhu phan dam tu nhién, ting ti 1é nay mam ca hat, gitp ting truéng
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nhanh, ting ning sudt va chét lugng cdy trong, tmg dung tét trong y sinh va ndng
nghi¢p. Ngoai ra, do lugng 16n khi ion, cac nguyén tr va phan tir kich hoat, ROS, RNS
dugc hoa tan trong nudc nén nudce hoat hoa c6 tdc dung khur khuén cho hoa qua, ndng
san thuc phém, dugc li€u, trang thiét bi y té, c6 loai bé mit phuc tap, céc loai vat li¢u

khong gia nhiét, cdc bé médt ngdm nudce v.v.

Heé théng duogc thiét ké theo dang mé dun, d& lip dat va van hanh, khong st dung
hoéa chat, khong gy 6 nhidm thr cp, hoan toan than thién véi moi truong va an toan

cho con nguoi.

100. Budng phan tmg plasma

110. Thanh budng phan ting

120. Heé thdng cdp suong dau vao

121. B g4 hé thdng phun suong

122. Hé thdng dau phun suong

130. Bo g4 dau phat plasma

140. Dau phat plasma

150. Hé thdng din hdn hop swong-khi ra khoi budng phan tmg
151. Pau ra budng phéan tng

152. Ong dan

153. Pau vao budng ngung tu

200. Budng ngung tu

210. Khoang ngung tu

220. Thanh budng ngung tu

230. Ong dén hén hop suong-khi déu ra
240. Hé thdng cap swong budng ngung tu
250. Pau ra nude hoat hoa plasma

300. Budng chira nude hoat hoa plasma
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YEU CAUBAO HO

. Hé thdng tao nudc hoat hoa plasma phéng dién ho quang truot cho y sinh va nong
nghiép theo sang ché dugc cu thanh tir nhidu mé dun, trong d6 mdi md dun c6 cu
taobaogénubuéngphénﬂng;ﬂamna(lOOLbuéngngungtu(200)Vébu5ngchﬁa
nuGe hoat héa plasma (300);

budng phan ing plasma (100) bao gdm thanh budng phan tng (110), hé thdng cép
swong dau vao (120), bd g4 dau phét plasma (130), du phat plasma (140), hé théng
dan hén hop swong-khi ra khéi budng phan g (150); céc dau phét plasma (140)
duoc ga cd dinh 1én thanh budng phan ting (110) nhd cac by ga dau phat plasma
(130);

hé thdng cp swong dau vao (120) duge bb tri & phia trén budng phén tng plasma
(100), gitip tang tdi da hiéu suét hap phu khi ion, cac nguyeén tr va phan ti kich
hoat, ROS, RNS dugc tao ra béi cdc dau phét plasma (140); cac dau phat plasma
(140) dugc bd tri déu xung quanh thanh budng phén tng (110) thanh céc tang xen
k& nhau, dam bao phan bd déu luong khi ion, céc nguyén tir va phén t kich hoat,
ROS, RNS; cic dau phét plasma (140) phéng dién hd quang truot sir dung khong
khi va dung dich nudc tao ra lugng 1én cac hat dién tich, electron va khi ion ¢é hoat
tinh cao nhu O7, 057, OH, NOy, Ny, c4c nguyén tir va phan tir kich hoat O", O,", 05",
OH’, HOO",NO;", ROS, RNS; tap hop c4c diu phét plasma (140) tich hop bén trong
budng phan Umg plasma (100) san sinh ra mot lugng 16m khi ion, cdc nguyén tir va
phén ti kich hoat, ROS, RNS va hoi nudc, sau ngung tu cho phép tao ra mot loai
nudc hoat héa plasma dic biét;

h¢ théng cp swong dau vao (120) gdm bo ga hé théng phun suong (121) va hé
théng dau phun swong (122) giup tao cdc hat nude nhd (swong) dudng kinh dudi
0.1 mm hdp phy tét cc ion, céc nguyén ttr va phan tir kich hoat, ROS, RNS tir cac
déuphéqﬂamna(l40)phéngcﬁénhéquangtnmn;b@géhéthéngphunsuong(12l)
vita c6 vai trod gitt ¢b dinh hé thdng dau phun swong (122), vira ¢6 tc dung nhu nip
day budng phan ting plasma (100);

hé thong dan hdn hop suong-khi ra khoi budng phan tng (150) bao gdm: diu ra
budng phan tmg (151), bng din (152) va ddu vao budng ngung tu (153); hn hop
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khi ion, cdc nguyén tir va phan tir kich hoat, ROS, RNS dugc hip phu trong hoi
nudc, swong va duge dua xudng budng ngung tu (200), thong qua hé théng din
hdn hop suwong-khi ra khoi budng phan ing (150), tiép tuyén v6i mat cit cia
khoang ngung tu (210), theo hinh xo0én ¢ di xudng véi tiét dién tang dan déu nhim
thay ddi &p sudt, tao didu kién thuén 1¢i cho qué trinh ngung tu hoi nudce thanh
nudce hoat hda plasma;

budng ngung tu (200) gdm: khoang ngung tu (210), thanh budng ngung tu (220),
6ng dan hdn hop suong-khi déu ra (230), hé thdng cép suong budng ngung tu (240)
va d4u ra nuéc hoat hoa plasma (250); khoang ngung tu (210) duoc thiét ké co
dang hinh nén cut; hé thdng cép suong budng ngung tu (240) dwoc bé tri phia trén
ctia khoang ngung tu (210), ¢6 cdu tao gidng véi hé théng cdp swong du vao (120)
budng phan ng plasma nhim cung cap thém lugng nude, dam bao cho khi ion,
cac nguyén tir va phan tu kich hoat, ROS, RNS duoc hép phu tdi da trong nudc,
tao thanh nu¢c hoat héa plasma c6 chira lugng ion, cdc nguyén tir va phan tir kich
hoat, ROS, RNS cao; hon hop suong-khi con lai theo dng din hén hop swong-khi
dau ra (230) & trung tAm clia budng ngung tu (200) dugc cép tré lai cho cac dau
phat plasma (140), tao chu trinh khép kin véi hiéu nang cao nhit;

budng chira nuée hoat hoa plasma (300) duoc st dung dé luu trit nudce hoat hoéa
plasma tao ra, dugc thiét ké dang tich hop vao hé thong, c6 thé thao lap d& dang dé

van chuyén di xa.
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