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Tom tit

O nhiém khéng khi dwoc xdc dinh 1a moi de doa méi trieong nghiém trong doi véi sw phat
trién bén viing ¢ cac quéc gia. Trong do, chdt lirong méi truong trong nha dwoc diéu chinh bgi
chdt lwong khong khi ngoai troi va cac nguon vt liéu, hda chdt, tham chi ca cac hoat déng
trong nha. Nhitng méi de doa tiém dn ton tai ngay trong khong gian song nhuw cac chat
formaldehyde, benzen, bui min (PM2.5), VOCs... gdy tdc dong tiéu cue dén sirc khoe va doi hoi
sw chii y ddc biét cua céng dong. Bai bao trinh bay gidi phap cdi thién chdr Liwong khong khi
trong nha theo hwong tiép can sinh hoc d@é loc khi va xit Iy bui min két hop cong nghé ion am,
mang loc. Tinh néing tw dong hoéa viéc cham séc cdy trong va kiém soat thong sé mdéi trieong
gilp toi weu héa hiéu qua loc khi. Hé théng nay tich hop khd néng theo ddi nong dg khi thdi, cho
phép nguoi ding co thé giam sat chat heong khdng khi trong nha va diéu chinh hé thang theo
nhu cau. Viéc diéu khién théng qua dién thogi hogc trinh duyét web ciing tao su tién loi cho
nguwoi dung. Ngoai ra, viéc si dung ndng heong mat troi dé van hanh hé thong gidp giam thiéu
tac dong dén méi trwong va tang tinh bén vieng cua giai phap.

Tir khoa: Cong nghé 10T, khéng khi, loc khi, nang lirong mat troi, 6 nhiém

Abstract

Air pollution has been identified as a serious environmental threat to sustainable
development in many countries. Indoor environmental quality is influenced by outdoor air
quality as well as materials, chemicals, and even human activities within enclosed spaces.
Potential hazards such as formaldehyde, benzene, fine particulate matter (PM2.5), and volatile
organic compounds (VOCs) exist within living environments, negatively affecting human health
and requiring special attention from the community. This paper presents a solution for
improving indoor air quality using a biological approach for air purification and fine dust
removal, combined with negative ion technology and filtration systems. Automated plant care
and environmental parameter control help optimize air purification efficiency. The system
integrates the capability to monitor pollutant concentrations, enabling users to track indoor air
quality and adjust the system according to their needs. Control via mobile devices or web
browsers also enhances user convenience. In addition, the use of solar energy to operate the
system minimizes environmental impact and increases the sustainability of the solution.

Keywords: 10T technology, air quality, air purification, solar energy, pollution

1. Mé dau

O nhiém khéng khi trong nha (ONKKTN) dang ndi 1én nhu mét van dé sic khoe cong
ddng toan cau, gay ra nhiing tac dong tiéu cuc dang ké dén sic khoe con ngudi va ning suat
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lao dong. Trong bdi canh cudc sdng hién dai, khi thoi gian con ngudi danh trong cac toa nha,
dac biét la tai cac d6 thi, ngay cang gia tang, dac biét ké tir dai dich COVID-19 véi uée tinh 80-
90% thoi gian dwoc danh cho viéc 1am viéc va sinh hoat trong khong gian kin [1], chat luong
khong khi trong nha trg thanh yéu té quyét dinh dén stc khoe va hanh phic cua ching ta. Moi
truong trong nha co thé tré thanh ngudn phoi nhiém 16n nhét dbi voi cac chat & nhidm, dic biét
1a d6i véi cac nhdm dan sb d& bi ton thwong nhu tré em, ngudi cao tudi va nhitng ngudi c6 bénh
nén. Viéc tiép xdc 1au dai voi cac chat & nhiém trong nha cé thé dan dén Hoi chimg Nha kin
(Sick Building Syndrome - SBS), biéu hién qua céc triéu ching da dang nhu dau dau, kich @ng
mét va duong hd hap, chéng mit, budn ndn, mét moi, budn nga va thiéu kién nhan [2]. Nghiém
trong hon, ONKKTN con lién quan mat thiét dén su phat trién caa cac bénh khong lay nhiém
nguy hiém, bao gém dot quy, bénh tim, thiéu mau va bénh phdi tic nghén méan tinh (COPD).
Pang chi ¥, theo T6 chirc Y té Thé gigi (WHO), khoang 6% tong s6 ca tir vong do ung thu
phdi c6 thé 1a do phoi nhiém vai cac chat gay ung thu ¢ ngudn géc tir ONKKTN [3], nhin

manh sy can thiét cap bach cua viéc giai quyét van dé nay mot cach toan dién.

O nhiém khong khi trong nha, mot van dé tiém an nhiéu rai ro cho stc khoe, dang dién
ra am tham vai sy gop mat cua hang tram chat 6 nhiém khéc nhau, phat sinh tir ca ngudn bén
ngoai 1an céc hoat dong thuong nhat nhu ndu nudng, sudi 4m, hat thude va vat lidu noi that.
Bén canh d6, cac tic nhan sinh hoc nhu phan hoa va mam bénh ciing déng vai trd quan trong
trong viéc 1am giam chat luong khong khi. Nghién ctru da chi ra rang hydrocacbon thom da
vong (Polycyclic Aromatic Hydrocarbons - PAH), hop chit hiru co d& bay hoi (Volatile organic
compounds - VOCSs), kim loai nang, cac khi SO2, NO,, CO, O3, va dac biét la bui min PM2.5
va PM10 I nhitng tac nhan chinh gay ra cac van dé stic khoe lién quan dén 6 nhidm khdng khi.
Do d6, trong bi canh d6 thi hda nhanh chong tai Viét Nam, viéc tim kiém va ap dung céc giai
phap hiéu qua dé giam thiéu 6 nhidm va cai thién chat luong khong khi trong nha 1a vo cling

can thiét va cap bach.

Bai viét nay dé xuat mot giai phap tiép can sinh hoc, tap trung vao viéc loai bo khi
Formaldehyde va xt ly bui min, déng thai tich hop cac céng nghé bé trg nhu ion 4m, mang loc
HEPA (High efficiency particulate air) va than hoat tinh dé t6i uu hoa hiéu qua xu ly. Giai phéap
nay huéng dén mot phuong phap than thién voi méi trudng, cd chi phi hop ly, dé dang thiét ké
va trién khai, hira hen kha ning (ng dung rong réi trong cac toa nha do thi, gép phan cai thién

chat lugng cudc séng cho ngudi dan.
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2. Mb ta hé théng

Nghién ctu nay trinh bay mot hé théng 10T loc khi trong nha tich hop phwong phép sinh
hoc - vat ly, van hanh véi co ché wu tién linh hoat dua trén cac thong s6 moéi truong. Hé thong
vu tién xir Iy 6 nhiém (PM2.5, Formaldehyde) vuot ngudng bang cach hat khi, loc qua cay trau
ba vang (Epipremnum aureum) két hop may tao ion 4m, phun swong rira 14 va mang loc HEPA
- than hoat tinh , ngay ca khi diéu kién sinh truéng cia cdy chua toi vu. Nguoc lai, néu moi
trudng cdy trong nam ngoai ngudng an toan, hé thong wu tién diéu chinh nhiét do, d6 am va

anh sang, dam bao su phat trién on dinh cua cay trudc khi quay lai xir Iy khong khi.

Hé théng giam sat moi truong lién tuc cap nhat dit liéu truc tuyén vé nhiét do, do am,
nong d6 bui PM2.5 va Formaldehyde, ciing trang thai hoat dong cua thiét bi. Biéu nay cho phép
ngudi ding theo ddi, diéu khién tir xa hiéu qua, toi uu hoa giam sat va phan @ang nhanh chong

V6i cac thay ddi. Chirc nang canh béo som gidp chit dong bao vé siric khoe trude nguy co 6

nhiem.
Khong khi Khone khi
. ‘ 6ng khi
vao FA ‘ ae R .. . Mang loc .
—) Khs lléiam -‘ Quat hit .} Ca{gﬁ" ba Kbol tao fon HEPA — than Quat day
N an hoat tinh

Khéi vi diéu
khién

Khéi hién thi . | Khéi truyén
twong tac ¢ ’ théng

) Khong khi
Khéi ngudn pin }
NLMT 12V-2A sy Ning lugng

s Tin hiéu

Hinh 1. So d6 khdi hé théng loc khi bang thuc vat

Khdi do théng s6 méi truong thuc hién 2 nhdm chiic nang. Mot 13, do cac tham sé moi
truong bén ngoai dé iy co so thuc hién kich hoat hé thong xir 1y khong khi dang sau, bao gom
2 cam bién (cam bién bui quang hoc Sharp GP2Y1014AUOF va cam bién phét hién khi
Formaldehyde ZE08-CH20). Hai 1a, do tham s6 mdi trudng bén trong md hinh dé kiém soét
diéu kién nuéi trong téi wu cho cay sinh truang bao gom 2 cam bién (Cam bién nhiét 46, 46 am
DHT11 va cam bién cuong d6 sang BH1750)
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Cam bién bui quang hoc Sharp GP2Y1014AUOF sir dung nguyén ly tan xa anh sang hong
ngoai dé phat hién céc hat buyi, dic biét 1a PM2.5 trong khdng khi. Ciu tric bén trong bao gdom
diode phét hdng ngoai va transistor quang bé tri chéo nhau, tao ra tin hiéu dién ap twong ung
véi ndng d6 bui. Tin hiéu nay cé thé duoc doc bai vi diéu khién nhu Arduino dé phan tich va
danh gia chét luong khdng khi. Cam bién nay ciing c6 kha ning phat hién khoi, vi du nhu khoi

thuéce la.

Cam bién ZE08-CH20 la module phat hién khi Formaldehyde sir dung nguyén 1y dién
hoa, dam bao do chon loc va 6n dinh cao. Giao tiép vaéi Arduino qua UART (Serial), cam bién
tich hop bl nhiét do va cung cap ca dau ra ky thuat sé 13n twong tu. Dir liéu thu thap duoc
truyén qua giao thire Serial dé Arduino xt Iy va hién thi. Thoi gian khoi dong tir 1-3 pht sau

khi cap ngudn dé dam bao cam bién on dinh trudc khi thu thap dir liéu.

Cam bién DHT11 Ia module tich hop cam bién nhiét @ NTC va cam bién d6 am AM2301,
cung vi diéu khién 8-bit, cho phép do nhiét d6 va do 4m moéi truong. Sau khi thu thap, dir liéu
duoc chuyén d6i thanh tin hiéu ky thuat sé va truyén qua giao thic 1-wire, chi sir dung mot
chan DATA duy nhét dé giri ca thong tin nhiét d6 va do am dén vi diéu khién, duéi dang chudi
bit.

BH1750 la IC cam bién sb 16 bit, s dung giao thuc 12C, do cudng do anh sang moi
truong xung quanh. Hoat dong dwa trén nguyén ly quang dién, BH1750 chuyén doi tin hiéu

quang hoc thanh tin hiéu dién tir, cung cap théng tin chinh xac vé mutc do anh sang xung quanh.

Cam bién SHARP GP2Y 1014AUOF Cam bién ZE08-CH20
GND
SHARP GP2Y1014AUOF "_‘I_S = .
iy 1 " _ZIEOS-CHZO
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— 7
R20
— R 3.30l
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Int 13
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Hinh 2. Khéi do thong sé mdi trudng
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3.1.2. Khéi truyén thdng khong day va hién thi

Khéi hién thi: Man hinh cam atng UART Man hinh HMI UART 3.5 inch
HMI LCD 3.5 inch cung cép giao dién tryc quan .
+
dé theo ddi thdng sd, thao tac va giam sat hoat TR

dong hé théng. Kha ning nay con hd tro tly o .

chinh va cai dat linh hoat.

Q
Al
o

Hinh 3. Khéi hién thi HMI UART

Khéi két truyén théng khong day Wifi: ESP 32
Viéc tich hop ESP32 déng vai tro then chét +3V3

trong viéc trang bi kha nang két ni Wi-Fi cho L[ iy |
X . . X ] @ GND1 fas—
Arduino Mega 2560, von khéng cO giao tiep == —3cf 1015 1013 a3
. . GND —l 12 112 156
mang truc tiép. ESP32 hoat dong nhu mot cau RX _d)% o16 ons i_:‘
ndi, truyén dit liéu hai chiéu gitra Arduino Mega | 0
. ] A o —I%D 1018 1033 [aS™
va website théng qua giao tiép UART (TX, RX) 3= 1019 1032 (%
—ISD 1021 1035 E
sir dung cac chan GPIO16/GPIO17 trén ESP32 $ o e SlE
A - A - . — 1022 < —
va céc cong Serial trén Arduino Mega. Dir li¢u 18] 5o | BT

dugc ma hda thanh bit nhi phan va truyén nhan, ESp3s.

sau d6 dugc giai ma dé thyc hién cac hanh dong

fwong g Hinh 4. Khoi truyén thong khong day ESP 32

3.1.3 Khai xir ly khong khi

Cay trau ba vang trong thay sinh: c6 kha ning loai bo cac hat PM2.5, PM10, VOC va
Formaldehyde (khi két hop than hoat tinh) vi c6 kha ning 1am giam dang ké cac chat gay 6
nhiém khong khi trong nha thong qua co ché ¢b dinh cac phan tir nay vao con dudng chuyén
hoa trong co thé thuc vat nhd qua trinh hap thu thdng qua bé miat bén ngoai 14 cay hoic hé ré.
[4] [5]. Quy trinh tréng cdy thuy sinh twong d6i don gian, chi can dit canh cay vao binh, dam
bao nuéc ngap ré nhung khong cham 14, va ¢ dinh bang so6i. Cham soc dinh ky bang céch thay
nuée moi tuan hogc 10 ngay, dat cdy ¢ noi co anh sang gian tiép, va bo sung phan bon thay
sinh khi can thiét. Thuong xuyén kiém tra ré, cit tia 14 tia dé duy tri sic khoe cay. Loai cay nay,
vé6i phién 14 rong, dé cham séc va thich hop véi méi truong may lanh, it &nh sang.

May tao ion &m MF-FA7000: May phat ion &m nay hoat dong bang cach phat ra cac ion
am lién két voi bui va chat 6 nhiém trong khong khi, khién ching ning hon va d& dang ling
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dong lai trén bé mat 14 cay hozc bi gitt lai bai bo loc. Thiét bi hd tro dién ap tir 12V dén 220VAC,

tan s6 50Hz, vai ndng do Ozone dudi 0,05 PPM va ndng d6 ion 4m dat trén 70 triéu ion/cmq.

May bom va gian phun swong: Hé thong bom chuyén dung duoc tich hop dé cung cp
nuéc &p luc cao dén cac dau phun swong trén noc, tao ra lép swong min gitp loai bo hiéu qua
bui ban va can bam trén 14 ciy ciing nhu bé mit bén trong md hinh sau qua trinh xt 1y bang
may Khur ion am.

Quat thdng gidé c6 gan mang lec khi HEPA- than hoat tinh: Quat théng gié 12V DC,
két hop mang loc HEPA va than hoat tinh, dong vai trd quan trong trong viéc cai thién chat
lugng khong khi. Quat giup luu thong khong khi va hiat cac hat bui, khi doc, trong khi mang
loc gilp loai bo 99,97% cac hat 6 nhiém, bao gém bui min PM2.5 va vi khuan. Lép than hoat
tinh ting cuong kha niang khtr mui, loai bo céc chat gay di ing nhu Formaldehyde va céc hop
chat hitu co dé bay hoi (VOCs).

Peén LED: cung cip anh sang xanh can thiét cho qua trinh quang hop cua cy trong, dong
thoi gop phan gia tang nhiét d6 trong moi trudng mo hinh khi thoi tiét lanh, giap duy tri diéu

Kién sinh truong tdi wu cho cay trong.
3.1.4 Khéi nguon pin nang lugng mat troi

Tam pin mit troi, stir dung hiéu tmg quang dién dé chuyén ddi nang lugng anh séng thanh
dién nang, cung cap dién 20W/12V. Ning luong nay duoc diéu khién bai bo diéu khién sac
nang lwong mat troi 30A/12V/24V auto, dong vai tro trung gian giira pin va ac quy. Bo diéu
khién nay t6i wu hoa qua trinh sac, bao vé dc quy thong qua quy trinh sac PWM (Pulse Width
Modulation) théng minh, va tu dong ngit mach khi ac quy day, gitp kéo dai tudi tho ctia ca pin

mat trdi va dc quy.
3.1.5 So' @6 tong thé hé thong xir Iy khong khi

Hinh 5 thé hién so do nguyén ly toan hé théng xir Iy khong khi trong nha bang thuc vat
ung dung loT.
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Mach dua vao hoat ddng 6n dinh, dam bao céc chirc ning nhu truyén nhan dit liéu khong
khi tir cac cam bién giri vé, cap nhat gi4 tri va trang thai cua cac cam bién guri 18n Web sever
va man HMI mét cach nhanh chong, dam bao déng cit cac relay dé thuc hién cac co ciu chap
hanh 6n dinh. Cac connector gilp két ni giita board mach va cam bién mét cach chic chan
tranh céc su ¢b vé truyén nhan dit liéu bi tré gay anh huong dén qué trinh hoat dong caa hé

thong.

3.2 Lap trinh chirc néng

' ~
Bit ddu

- S/

Khéi dong man hinh HMI
Khoi déng cam bién
Khai dong ESP

Ché d6 bj thay doi

Duing

[ Dio bién trang thai ché o ]

<

' Sai
Cheé d6 AUTO
Diing
Thuec hién céc 1énh cia ché Thue hién céc [énh ctia ché
d6 AUTO d6 MANUAL

<

Truyén nhén dit liéu

[ Két Thic J

Hinh 7. Luu d6 thuat toan chwong trinh chinh

Chuong trinh bat dau va khoi dong HMI bang viéc khoi tao cac bién va kiém tra trang
thai ché do hoat dong, mic dinh s& chay ché 6 AUTO. Nt tiy chon SETTING cho phép ngudi
dung lva chon thay doi ché d6 hoat dong (MANUAL hay AUTO). Arduino lién tuc kiém tra
trang thai tr Node MCU (nhan dit liéu tir web) dé cap nhat ché do hoat dong caa phan cing
tuong ung, ddng thoi dong bo dir liéu trang thai tir web server va ang dung Blynk, dam bao tinh
nhat quan thong tin gitta phan cang va giao dién nguoi dung. Dir lidu trang thai duoc luu triv
trén web server. C4c thao tac trén thiét bi cd thé thuc hién truc tiép trén man hinh HMI hosc

gian tiép qua web hozc app Blynk.
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Ché d6 AUTO: cho phép ngudi dung tiy chinh trude ngudng giéi han cac thong sé moi
truong (nhiét do, do am, anh sang, bui PM2.5, Formaldehyde) va thiét 1ap hé théng hoat dong

dwa trén viéc so sanh gitra gia tri thuc té va gia tri ngudng dat truéc nay.

Ché a0 MANUAL: ché do diéu khién thu cong 4 thiét bi (may bom, quat thong gié, dén
LED, may kht ion), khdng quan tam t6i cac thong s6 mai truong. MAi thiét bi s& c6 nat bat tat

riéng va hién thi trang thai.

3.3. Thiét ké giao dién diéu khién

3.3.1. Giao dién HMI

Giao dién HMI duoc thiét ké trén phan mém Nextion. Khi khoi dong, hé thong s& hién
thi man hinh cho bao gom cac thong tin co ban vé tén dé tai, nguoi thyc hién dé tai. Man hinh
chinh s& hién thi cac thdng s cam bién, trang thai tat mo cua thiét bj va ché do hoat dong cua

hé thong.
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Hinh 8. Giao dién man hinh cho HMI

3.3.2. Giao dién Web va App Blynk
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Hinh 9. Giao dién man hinh chinh HMI

Blynk cung cap nén tang loT truc quan théng qua trang web Blynk.io va ang dung di

dong, cho phép nguoi dung dé dang tao, quan Iy dy an, va theo doi dir liéu tir thiét bi. Véi
Dashboard, ngudi ding ¢6 thé cau hinh thiét bi va tiy chinh dé diéu khién ESP32 hozc hién thi
thong tin. APl va Webhooks ho tro tich hop ma rong, trong khi cac ham Blynk.begin(),
Blynk.run(), va Blynk.virtualWrite() cho phép giao tiép lién mach giira ESP32 va nén tang
Blynk. Trang thai cac thiét bj va thong s6 maéi truong dugc ddng bo héda twong tu nhu trén man

hinh HMI gitip nguoi ding ¢6 thé theo di va thao tac tir xa.
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Hinh 10. Giao dién web Blynk

3.4. Thiét ké khung vé

Khung va vé mé hinh c6 kich thuéc tong thé 100 cm x 80 cm x 100 cm. Khu vuc xtr ly
khéng khi dugc boc PVC trong sudt, cho phép quan sat truc tiép cac thanh phan bén trong nhu
cay trau ba vang, cac cam bién, may tao ion &m MF-FA7000, dén LED, hé thdng voi phun va
quat thdng gi6. Khu vuc bén ngoai, bao gdm ti nguon, ta diéu khién mach dién, may bom va

binh chtra nuéce, dugc cach ly khoi khéi xir Iy bui dé ¢am bao an toan dién.

Hinh 11. Kich thuéc khung mé hinh dang 3D Hinh 12. Hinh anh md hinh thyc té
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4. Két qua trién khai thir nghiém

Nham danh gid mic d6 6 nhiém khdng khi trong nha, nhém nghién ciu di tién hanh thuc

nghiém tai mot khong gian mot van phong lam viéc khép kin véi kich thudc khoang

8,2m x 4,5 m x 3,6 m; do va thu thap s6 liéu do ludng 6 nhidm truéc va sau khi st dung thiét
bi loc khi bui trong khoang thoi gian tir ngay 01/11/2024 dén hét ngay 30/11/2024; md hinh

duoc dat cb dinh & do cao 80 cm so véi mat dat.

NONG £ (ug/m3)

NONG DO( ppm)
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Hinh 13. D6 thi biéu dién ndng d6 bui PM2.5 trude va sau khi xt Iy buyi
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Hinh 14. D6 thi biéu didn nong do khi Formaldehyde truéc va sau khi xu ly khi
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Déi chiéu voi TCVN 13521:2020 Nha ¢ va nha cbng cong - Céc théng sé chat luong
khong khi trong nha [6], QCVN 05:2003/BTNMT Quy chuan k¥ thuat quéc gia vé chat lwong
khong khi [7] va QCVN 06:2009/BTNMT Quy chuan k¥ thuat quéc gia vé mot sé chét doc hai
trong khdng khi xung quanh [8], két qua do thuc nghiém chat luong khéng khi tai khéng gian
van phong khép kin cho thiy néng d6 bui PM2.5 va khi Formaldehyde truée khi tién hanh xir
ly loc khi bui, tai thoi diém ngay dau tién khao sét (1/11/2024) c6 gié tri ndng do bui PM2.5 1a
105 pg/mé (hinh 13) va ndng do khi Formaldehyde I 0,37 ppm (hinh 14) déu thudc vao nhém
nhay cam vuot qua gisi han cho phép, gay anh huang 16n dén sic khoe ciia ngudi lam viéc
trong van phong. Két qua do cling ngay sau khi sir dung hé thong loc khi cho thay chét luong
khong khi trong van phong da duoc cai thién twong dbi rd rang, cac chi s6 AQI (Air Quality
Index) da giam xudng vai nong d6 bui PM2.5 12 59 pg/m? va khi Formaldehyde 1a 0,15 ppm.
Két qua danh gia hiéu qua loc bui ciia md hinh trong thoi gian thyc nghiém 1 thang duoc thé
hién trong bang 1.

Bdng 1. Bang danh gia hiéu qua loc bui cia md hinh

So ) Giatri )
, Vi tri b léch | So trung | Giatri
Pia diém . .| trung . toi )
. dat | Loai bui/ khi . chuan Vi . toi da
nghién caru binh ] thieu
(Sd) | (Median) ) (Max)
(Mean) (Min)
) PM2.5 51,17 6,06 52,50 39,0 60,00
Tai phong tro | 80cm
Formaldehyde 0,10 0,03 0,11 0,07 0,18

Viéc van hanh mé hinh cho thay hiéu qua trong viéc giam thiéu bui trong nha, dic biét Ia
bui PM2.5 va Formaldehyde. Mic dui chua loai bo hoan toan, nong d6 céc chit nay da dat
ngudng cho phép theo tiéu chuan TCVN. Két qua nay, di khiém tén so véi cac san pham loc
khi cong nghé cao trén thi truong, nhung 13 co s¢ quan trong cho c&c nghién ciu va phét trién

tiép theo xu hudng sinh hoc.

Hiéu qua loc bui cua hé thdng chiu anh hudng bai cac yéu té nhu ndng d6 bui bién doi
theo mua (dic biét trong diéu kién mua dong kho hanh), khong gian vian phong han ché thong
gi6 va mat d6 nguoi/thiét bj cao, dan dén gia ting ndong d6 PM2.5. Tuy nhién, md hinh loc khi
bui két hop giira cay xanh, quat hat, mang loc HEPA - than hoat tinh v& may tao ion 4m di
ching minh kha ning loc tét. Vi tri lap dat ciing dong vai trd quan trong, véi hidu suat ti vu &

d6 cao 80cm, nho mat do bui giam va hd tro tir ludng thdng gié tu nhién.
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5. Trao doi va két luan

Hé théng loc khi trong nha tich hop thuc vat, b tao ion @m va mang loc than hoat tinh
kich thugc 100 cm x 80 cm x 100 cm da chirng minh hiéu qua lam sach khéng khi. Viéc st
dung nang lwong mit troi gilp giam déng ké chi phi dién nang. M6 hinh nay khong chi dap tng

cac yéu cau k¥ thuat ma con mang lai gia tri tham m¥ va phong thay cho khdng gian song.

Nghién ciru ndy c6 tiém ning dong gop vao viéc tao ra méi trudng séng trong lanh va an
toan hon, dong thoi thac day sir dung céc giai phéap than thién véi moi truong. Nhém nghién
ctiu s& tiép tyc trién khai nghién ctru dé danh gia hiéu qua thuc té cua hé thong trong cac diéu
kién khac nhau va dap g duoc viéc thuong mai hda san pham.
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