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TOM TAT

Khi CO, khéng chi la tac nhan gdy bién déi khi hdu toan cau ma cé thé anh hwéng xdu dén
stkc khée con nguwoi. Gan ddy, cdc nha khoa hoc cing phat hién ra rang néu con nguoi bi phoi
nhiém trong thoi gian dai voi khi CO2 ngay 6 vung nong do thap (Ian cdn 5000 ppm) da co thé
gdy anh huong xau dén sikc khée than kinh ciia con nguo. Piéu nay hién cang dwgc quan tam la
do cugc song hién dai con ngwoi thwong xuyén song trong méi truong cé khong gian kin, kém
thong khi giita moi truong trong nha va ngoai troi (vi du nhw [6p hoc, nha chung cu, van
phong,....). Khi COz vung nong do thp nay dé gdp phai c¢6 nguyén nhan tir cac nguon phat thai
nhue hoi thé ciia con ngudi séng trong do, tir bép nau an,. .. Nguy hiém hon, & viing nong do CO;
thap con nguoi khong co kha nang tw nhan biét va khéng cé biéu hién triéu chitng cdp tinh khi bi
phoi nhiém, do khi CO2 la khong mau, khong mui va khong vi, n6 gy nhimg tac dong mot cdach
am tham, lau dai va tir tir. Anh hwong cia khi CO2 ving nong dg thap toi sic khoe con nguor,
ddc biét doi voi tré nhé hodc ngueoi cé thé trang yéu, cé thé lién quan dén bénh vé hé hap, mdu,
thdn, xuong, than kinh, giam hiéu qua trong hoc tdp va lao dong. Bai bao nay trinh bay nghién
cibu ché tao cam bién do khi CO; theo nguyén Iy hap thu hong ngoai cho do vung nong do thap
(0 = 10.000 ppm) dé dap ung cho dp dung trong hé thong ty dong gidm sat va diéu hoa nong do
khi CO, trong nha. Cam bién khi CO, dwoc thiét ké va ché tao theo cau hinh khéng tan sdc
(NDIR) sur dung dau thu hong ngoai hai kénh. Cam bién ciing dwoc thiét ké ma khéng can thém
bom mau khi vao buong do khi sir dung I6p gom xop dé khi trong moi trwong ty dong khuéch tan
vdo/ra buong do. Cam bién ché tao cho do phdn gidi tot cé thé dat 2 ppm, gidi han phdt hién
(LoD) dat 0,5 ppm va dé léch chudn dat 10 ppm.

Tir khéa: Cam bién khi NDIR; Anh hudng CO2 t6i stc khoe con ngudi; CO2 ving ndng d6 thip khong khi trong nha.
1. GIOI THIEU

O nhiém moéi truong khong khi tir cac tac nhan nhu khi doc (vi du CO, COz, NO, NO,, NHs,
H2S, SOz,...) va bui min (PM10, PM2.5) ngay cang hi¢n hitu trong cudc song hi¢n dai [1, 2].
Trong do, CO; la khi c6 mat kha thuong xuyén va phd blen trong cudc séng hang ngay. Theo cac
tai liéu khoa hoc, nong d6 khi CO; trong bau khi quyén (méi truong khong khi thong thuong
ching ta dang séng) 1a ¢& 300 + 500 ppm. Theo co quan an toan lao dong Hoa Ky (OSHA), gidi
han ndng d6 CO; cho phép con ngudi hit thd hay phoi nhidm lién tuc trong thoi gian 8 gio 1a
5000 ppm va trong 15 phut 1a 30.000 ppm. Tuy vay, nhitng nghién c1'ru gin déy dac biét quan
tam anh hudng to1 stre khoe con nguoi khi phot nhiém khi CO; & vung nong do thap (500 = 5000

ppm), do day la ving ndng d6 xuit hién kha phd bién trong cudc sdng hién dai ngay nay khi con
ngudi song thuong xuyén trong cac mdi trudong kin, thong gié kém véi khong khi ngoai troi, vi
du nhu phong hoc, van phong lam viée, phong ¢ trong céc chung cu,... [3]. Nhitng noi nay
thuong xuyén c6 cac nguon CO; phat thai nhu khi the cua con ngudi song trong do, bep nau an,
thiét bi va may moéc trong qua trinh hoat dong,... Khi CO; tuong ddi tro, do d6 n6 co thé ton tai
lau dai trong méi trudng khong khi trong nha. Hon nita, nhu cau st dung diéu hoa ngay cang
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thuong xuyén trong cude song hién dai va dé giam tiéu thy dién ning sé& tao ra ty 18 thong gid
thap gitra khong khi bén ngoai va bén trong nha, dan dén tinh trang con nguoi bi phoi nhiém
ndéng d6 CO; trong nha s& cang phd bién. Cac moi trudng nay déu co thé co nong do khi CO>
vuot qua 1000 ppm va la khong gian ma moi nguoi thuong ¢ trong nh1eu gio, cb thé chlem 60 +
80% thoi gian ma ho song hodc 1am viée trong d6. Cac nghién ciru gan day nhan thdy nong do
CO; trong nha ving ndng do thip (500 + 5000 ppm) c6 thé tac dong xdu dén than kinh va stc
khoe thé chat, lam giam hiéu qua trong hoc tap va lam viéc cta con nguoi [3]. Tai liéu khoa hoc
da cong bo cho thay nhitng bang chimg rd rang lién quan cta khi CO, viing nong d6 thap dén cac
bénh cu thé nhu V‘éﬂ hé hip, tén throng mach méu, than, xwong, bénh vé than kinh,... [4]. Mic du
chung ta thuong dé y cac khi ¢6 doc tinh cao (vi du nhu NO», NO, SOz, HoS, NHs, CO,...) phat
thai tir cac qua trinh cong nghiép (nhu nhiét dién, xi-mang, gém, sit thép,...) gdy 6 nhiém moi
truong va anh hudng t6i strc khde con ngudi [2]. Tuy véy, anh huong cac khi nay thuong chi xay
ra & khu vuc nho (gan voi nguon phat thai), thoi gian tdc dong khong qua dai, triu ching cap
tinh va tac dong dén mot sé luong it nguoi. Trong khi d6 anh huong cua khi CO la &m tham
trong thoi gian dai 1am cho con nguoi kho nhan biét va triéu chimg khong cap tinh, vi thé no da
chua thyc sy dugc quan tam thich dang.

Vi du dién hinh nghién ctru khi CO; anh huéng dén st khoe con ngudi duoc Kenichi va cac
cong sy [3] cong bd trong bao cdo tong quan trén tap chi qudc té “Environment International”
nam 2018. Bai bao da dan chimg cac phat hién gén day vé su giam hiéu suit ra quyét dinh cua
con ngudi khi bi phoi nhiém véi khi CO2 tir 600 dén 2500 ppm; va tac dong cua nong do CO: c&
2000 ppm c6 lién quan dén cac phan tmg viém nhlem ¢6 thé din dén ton thuong mach mau cua
con ngudi khi bi phoi nhiém. Ngoai ra, bai bio tong quan nay ciing cho thiy mot nghién ciru
dién hinh vé viée tiép xtic kéo dai v6i ndng dd CO, tir 2000 dén 3000 ppm c6 lién quan dén cac
anh hudng xau dén sirc khoe bao gém cing thang, voi hoa than va khu khoang xuong. Satish va
cong su [5] /da nghién ctru va nhan thdy su sut giam dang ke hiéu suat nhan thirc (ra quyét dinh
va giai quyét van d&) cua con ngudi khi bi phoi nhiém & ndng d6 CO, trén 1000 ppm. Nghién
clru cua Maula va cong sy [6] khi thye hién trén 36 ngudi tham gia trong thoi gian 4 gi¢ trong
diéu kién A (thong khi trong phong v6i khong khi ngoai troi ¢ toe do 28,2 lit/gidy dé co nong do
COz trong phong 1a 540 ppm) va didu kién B (théng khi trong phong véi khong khi ngoai troi ¢
tbc d6 2.3 lit/gidy dé co nong do CO2 trong phong 1a 2260 ppm). Két qua cho thay diéu kién B c6
anh huong rd rang dén hiéu suit trong cic nhiém vuy truy xuét thong tin va gia ting sy mét moi.
Mot nghién ctru rat thi vi khac duge thuc hign boi Petersen va cong su [7] khi thuc nghiém véi
dbi tugng hoc sinh tiéu hoc cho thay viéc tang lugng cung cap khong khi ngoai troi vao phong dé
giam ndng do CO; tir 1500 ppm xu6ng 900 ppm da cai thién dang ké hiéu suat hoc tap cia hoc
sinh. Hién tai, nong d6 CO, trong nha ciing 1a mot chi sb trong danh gia chat lugng khong khi
trong nha cta cac nudc nhu Nhat Ban, Canada, Singapore, Na Uy,...

Nhu vay, cac nghién ciru gan day cho thay tinh trang va anh huong cua khi CO2 ¢ vang nong
do thap tac dong xau den con ngudi vé giam hiéu sudt lam viéc, nhén thire, hoc tap, stre khoe va
¢6 thé ca nhitng yéu t6 khac chua blet nita. Do d0, chiing ta cAn ¢ su quan tAm thich dang va
dua ra nhiing giai phap dé giam thiéu tac dong xau nay. Cach tiép can don gian nhit sir dung ky
thuat tu dong diéu hoa hay thong gi6 giira khong khi trong phong va khong khi ngoai troi khi sir
dung loai linh kién cam bién khi CO, c6 di mirc d6 tin cdy va kha ning hoat dong lién tyc.

Cam bién khi nguyén ly hap thy hong ngoai dugc xem la giai phap t6i wu cho tng dung trong
thiét bi hodc hé thong do lién tuc ndng do khi CO; trong ca dai noéng do thip (ppm) va dai nong
dd cao (% thé tich). Uu d1em clia cam bién nguyén 1y hap thu hdng ngoai c6 tinh chon loc tdt,
thoi gian dap ing nhanh, tudi tho cao dén 10 nam va hoat dong tin cdy [8]. Cam bién khi nguyén
ly hap thu hong ngoai hoat dong duya trén tinh chat hap thu ving birc xa hong ngoai véi budce
song ddc trung cua tung loai khi (vdi khi CO2 1a tai ving 4,26 um) [8 , 9]. Vi vay, hién tai cam
bién nguyén 1y hap thu hong ngoai 1a phu hop xdy dung mo hinh hé théng tu dong do va diéu
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hoa nong do khi CO2 (ving ndng do 0 + 10.000 ppm). Tai Viét Nam, viéc nghién ctru ché tao
cam bién vé khi CO 1a kha khiém tén, vi du c6 thé ké dén mot loai cam bién theo cau hinh hap
thu hong ngoai da dugc ché tao tai Vién Khoa hoc vt lidu cho do khi CO, dai nong d6 16n 0 =
20 % thé tich va ap dung cho phan tich khi thai [10]. Ngoai ra, cam bién CO; hoat dong theo
nguyén 1y thay doi dién tré cua vat lidu day nano ZnO phu LaOCI d3 duoc thuc hién béi nhom
tac gia Hieu va cac cong su [11].

Bai bao nay trinh bay vé ché tao cam bién khi CO, theo nguyén 1y hap thy héng ngoai cho dai
nong d6 do thap 0 = 10.000 ppm dé phu hop cho xay dung giai phap giam sat nong do khi CO.
va diéu hoa khong khi trong nha cho giam anh huong xau dén stc khoe con ngudi. Diém dic sic
& day 1a cam bién duogc thiét ké va ché tao v6i cau hinh khéng tan sic (non-dispersive infrared,
NDIR) véi hai kénh thu hong ngoai va khong can bom hiat mau khi vao budng do.

2. THUC NGHIEM

Khi CO; hip thu phd hong ngoai dic trung tai ving budc séng 1an can 4,26 pm va khong
trung phu véi cac khi thong thuong khéc trong moi truong khong khi. Cuong d6 anh sang (hong
ngoai) tur nguon 1a 1, sau khi di qua méi trudng chira phan tir khi s& bi hap thu mot phan va phan
khong bi khi hap thu 12 1. Su suy giam cudng do cua | so I, duge tuan theo dinh luat Lambert-
Beer theo cong thirc:

I =1,e7 1)

& d6, k 1a hang sb dic trung hap thu hdng ngoai cua riéng khi CO;, va | 1a chiéu dai budng mau
khi (hay chinh la quang trinh ma buc xa hong ngoai di qua mdi truong co chura khi CO2), vax la
ndng do khi CO, trong buong mau. Tur nguyen ly nay, Cau trlic co ban cua cam bién khi dya trén
nguyén ly hap thy hong ngoai thuong dugc thiét ké theo céu hinh khong tan sac hai kénh thu [9].

O d6, cam bién gom mot nguon phat buc xa héng ngoai, mot buong chtra mau khi can phan tich,

va hai kénh thu hong ngoai dé chuyen d6i birc xa hong ngoai tur nguon phat di qua budng mau
khi dén dau thu dé duoc bién ddi thanh tin hiéu dién 16i ra, nhu thiét ké nguyén ly trén hinh 1a.

Hai kinh loc burc xa héng ngoai dugc dat trude ¢ hai kénh cia dau thu, mot kinh loc chi cho vung
budc song buc xa hong ngoai tai budc song 4,26 pm (ving khi CO; hap thu cho kénh nhay khi)
va mot tai bude song 3,9 um (khong bi khi nao hip thu cho kénh so sanh). K¥ thuat str dung kinh
loc quang dugc goi la khong tan sic (non-dispersive infrared sensor — cam bién NDIR). Khi hoat
dong, cac dién thé 18i ra ctia kénh nhay khi 1a Usen va dién thé 15i ra cua kénh so sanh 14 Urer.
Nong d6 khi CO; (x) duoc xac dinh gan dung qua cac gia tri dién ap UL, va U, twong mg cla

hai kénh theo cong thurc [9]:

X
X =—Lin| e _ ; )
Usen
0
ref

Uref X0

v6i b 1a mot hang s6,U 2, va UL, 1a gié tri dién thé cta hai kénh dugc tinh cho truong hop budng
mau khong c6 khi CO; (x = 0).

Thuc té, cam bién NDIR c6 thé duoc ché tao theo nhiéu ciu hinh khac nhau tuy vao dai nér}g
do, do phan giai va linh vuc Uing dung. Trong cong trinh nay, chung t6i da ché tao cam bién
NDIR da dugce ché tao theo cau trac minh hoa trén hinh 1 cho dai nong d¢ do 0 + 10.000 ppm va
cam bién khong can bom mau khi vao budng do. Trong cau tric nay, dén phat hong ngoai dai
rong duoc st dung tir hang Heimann, Purc (ma ky hiéu linh kién: HSL-EMIRS 200-60/55) va
dau thu hong ngoai hai kénh cta hang Pyreos, Anh (ma ky hi¢u linh kién: PY-ITV-DUAL-
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TO39). Cac linh kién thu/phat hdng ngoai dugc sir dung nay déu phu hop cho ché tao cam lqién
khi nguyén 1y hap thu hong ngoai. Bang 1 th¢ hién thong s6 ky thuat cua cac linh kién phat hong
ngoai va thu hong ngoai da sir dung trong ch¢ tao cam bién NDIR.

Bing 1. Cdc thong s kj thudt ciia cdc linh kién thu/phdt hong ngoai da sir dung.

Théng sb | Giatri [ Ponvi

HSL-EMIRS 200-60/55
Dién tro dt nong 72 Q
Cbong suat dau vio 450 mwW
Thé hoat dong 5,7+6,3 \
Dong hoat dong 80-100 mA
Dinh phat xa 4,0 pm
Vung birc xa 2+15 pm
Thoi gian séng >40000 gid

PY-ITV-DUAL-TO39

S6 kénh 2
Kinh loc hong ngoai | 3,91va4,26 | pm
Kich thudc 1000 x 1000 | pm?
Do dép g 150000 VIW
Nhiét do hoat dong -40 + 85 °C
Nhiét d6 hoat dong -40+120 °C

Dé c6 duoc dai ndng do khi 0 + 10.000 ppm va c6 d6 phan giai phu hop, chidu dai budng miu
khi cua cam bién NDIR d3 duge thir nghiém & d¢ 16n khac nhau va di dén lua chon buéng mau
khi hinh tru r5ng (lam tir hop kim nhém) ctia cam bién da duogc ché tao co hinh tru réng, duong
kinh trong 15 mm, duong kinh ngoai 22 mm va chléu dai 1a 60 mm, nhu thé hién trén hinh 1b.
Cam bién c6 str dung mot ong gém xp hinh try rong co6 chiéu dai 20 mm, bd phan nay gitp khi
tor moi truong tu dong khuéch tan vao budng miu ciia cam bién ma khong can sir dung bom. Dau
phat hong ngoai (S) va dau thu hong ngoai (D) dugc dit cing mot phia va cac chéan linh kién
duoc g'fln trén mdt bo mach PCB. Cac bd phan cAu thanh ctia cam bién duoc lién két béng keo dé
tao ra mot cAu triic hoan chinh (hinh 1c). Khi hoat dong birc xa hong ngoai tir ngudn phat sé& di
qua budng mau khi dén dau phan xa phia trén va quay nguoc tré lai dau thu (nhu vay quang trinh
clia cam bién di ting 1én 2 lan giup ting do nhay).
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Hinh 1. Nguyén Iy cdu tao (a), kich thude cdc bo phin (b) va cam bién NDIR dd ché tao (c).
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Cam bién NDIR duogc nghién ciru va khao sat cac didc trung khi sir dung mot bo mach dién tir
(duoc ché tao bdi Vién Khoa hoc vt liéu [10]) cho diéu khién linh kién phat hong ngoai bang
viéc cAp ngudn dong (dang xung vudng, tan s6 4 Hz va bién do 100 mA) va thu nhan cac tin hiéu
dién ap Usen VA Uret 16i ra tuong tmg tir hai kénh thu hong ngoai bién doi theo cac nong do khi
CO; chuén. Cam bién NDIR duoc tinh toan chuén hoa theo cac nong do khi CO» chuén dugce tao
tir h¢ thiét bi tao khi chudn tai Phong Cam bién va thiét bi do khi ctia Vién Khoa hoc vt liéu.
Cac néng dd khi CO; chuan duoc dung cho nghién ctru lan luot 12 1500, 2500, 4000, 6000, 8000,
10000 va 12000 ppm trong mdi truong khi mang gidng nhu khong khi théng thuong (voi 21%
02 va 79 % Nj). Nguyén tic ciia hé tao ra cac ndng do khi CO2 chuén nay 1a tron cac luu luong
khi gdm CO2, N, va O theo céc ti 1& dugc diéu khién chinh xac qua cac bo dicu khién luu lugng
MFC — Aalborg, My [10, 12]. Hdn hop cac khi nay dua lién tuc vao budng do khi (chtra cam
bién NDIR) v6i luu luong téng dugc gitt 500 ml/phut, thé tich cua budng do 13 1000 ml. Dé tim
hang s0 b cho tinh nong do khi CO; theo cong thic (2), bd sb liéu dién thé 15i ra thu duoc trén
kénh nhay khi twong (mg véi cac ndong d6 khi CO2 chuan khao sat duogc dung dé tinh khop ham
qua phan mém Origin, ham toan hoc dugc dung nhu sau [9]:

U o] U X
FA= % 1-e (3)

sen

v6i FA 14 hé sb hip thy, U2, va USen 1a cac dién ap trén kénh nhay khi ¢ cac diéu kién tuong mg
ndng khi CO, & 0 va cac gi tri ndng d6 x khéac nhau.

3. KET QUA VA THAO LUAN

Hinh 2 1a dién thé 16i ra ctia kénh nhay khi Usen VA k&nh so sanh Uyes dap tmg theo cac nong do
CO; chuén dua vao buéng mau vai cac gia tri 1a 1500, 2500, 4000, 6000, 8000, 10000 va 12000
ppm. Két qua cho thdy dién thé cta kénh nhay khi Usen sut giam twong tmg véi cac nong d6 CO;
dua vao va hdi phuc vé gia trj ban dau khi khit khi CO, vé gia tri ndng d6 0 ppm. Trong khi do,
dién thé ctia kénh so sanh hau nhu khong thay ddi theo su bién thién nong do CO, trong budng
mau (dién thé so sanh dong vai trd bu trir nhidu).
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Hinh 2. Bién thé kénh nhay khi (Usen) va kénh so sanh (Uye) dadp vng
V6i cdc nong d khi CO, chudn.

Tur sb lidu nay, hinh 3 thé hién cac diém thuc nghiém, duong khéop ham vé do hép thu FA
theo né)ng d6 CO2 va gia tri tinh toan cho h?mg s6 b =2,907 ciia cam bién NDIR di ché tao. Cac
sO liéu thyc nghiém va nong do khi CO,, gia tri dién thé trén hai kénh 12 Usen VA Urer, va gia tri
tinh toan hang sb b duoc liét ké trong bang 2. Két qua nay cho thiy duong tinh toan trung khép
rat tt v6i cac diém thyuc nghiém, chimg to ndng do khi CO, chuan sir dung va cac phép tinh toan
1a tin cdy. Cac sb lidu thuc nghiém tuong mg tai cic ndong do khi CO2 cho cac gia tri dién thé
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trén hai kénh 13 Usen VA Urer. Tir cic sb lidu thye nghiém nay, cac thong sb ky thuat ctia cam bién
duoc tinh toan va liét ké ¢ bang 3. Ngoai ra, cam bién sau khi d3 chuén hoa duge do ddi chung
v6i thiét bi do khi thuong mai (Thiét bi do khi da chi tidu, E9000, M¥) cho thiy phu hop t6t véi
gi4 tri ndng do CO; chuan dua vao budng do.

0.35

= Piém thuc nghiém .
0301 — Dudngkhép .
-
0.25 -] —
- 5 Db=2,907
< y
L 0.20 o
£ .
& 015 /
= /
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0.05 //
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000] o FA=1-¢™*
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Nong do khi CO; (%)
Hinh 3. D¢ hdp thu (FA) phu thudc vao cac nong dg khi CO2 va khép ham tinh gid tri b.
Bing 2. Cac gia tri da do Usen, Uref va tinh todn b
twong ung theo nong do khi CO, da khao sat.

XCO2 (ppm) Usen (V) Uref (V) b
0 4,8398
1500 4,3015
2500 4,0433
4000 3,7888
6000 3.5571 4,6394 | 2,907
8000 3,4382
10000 3,3759
12000 3,3361
Bing 3. Théng so ky thudt ciia cam bién NDIR da ché tao.
Théng s0 k¥ thudt Gia tri
Céau hinh Khoéng tan sac NDIR
Déi nong d CO» 0+10.000 ppm
Do phan giai 2 ppm
Gidi han phat hién LoD 0,5 ppm
Do 1éch chuan 10 ppm®
Cong suat 450 mW
) tinh cho 8 chu ky tai nong d6 6000 ppm

Hinh 4 1a d4p tng dién thé cta kénh nhay khi Usen theo cac chu ky khi CO, khi bién ddi tir 0 va
6000 ppm. Két qué nay thé hién cho tinh lap lai va do 6n dinh cao ctia cam bién da ché tao. Gia tri
d6 léch chuén ctia cam bién NDIR ché tao da dugc tinh toan trong diéu kién 8 chu ky néng do khi
CO> tai 6000 ppm va cho gia tri 1a 10 ppm. Gi6i han phat hién (LoD) tinh toan cho cam bién
NDIR nhén gié tri 12 0,5 ppm khi tinh theo hé s hap thu FA phy thudc vao ndng d6 khi CO, theo
s6 liu tir hinh 3. Véi cac thong sb k§ thuat dat duoc, cam bién NDIR da ché tao phu hop dé ap
dung cho giam sat va diéu hoa khi CO, & méi truong khong khi trong nha [3, 6]. Dé so sanh thém,
chung ta ¢ thé dan ching cam bién do ndng d6 khi CO; thudong duge dua trén ba loai, d6 1a cam
bién nguyén 1y dan nhiét, cam bién nguyén 1y dién hoa va cam bién nguyén 1y hap thy hong ngoai
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[8, 13]. Cam bién nguyén 1y din nhiét do khi CO; 13 dwa trén d6 din nhiét caa khi CO; (0,017
W/mK) thap hon so cac khi théng thuong khac trong khong khi (vi du N2 1a 0,026 W/mK va ctia
Oz la 0,027 W/mK) [11]. Tuy nhién, cam bién nguyén ly dan nhiét chi phi hgp do khi CO2 ¢ dai
ndng d6 16n (0 + 100 % thé tich). Cam bién nguyén 1y dién hoa do khi CO; dua trén cac phan ing
hoéa hoc tai dién cuc cua linh kién kiéu pin Galvanic dé tao ra tin hiéu dién 16i ra (dong dién hodc
dién thé tai cac dién cuc). Cam bién nguyén 1y dién hoa phi hop do dai nong do thap (muc ppm)
khi CO2 trong mdi truong khong khi. Tuy vy, cam bién dién hoa c6 nhuge diém 14 tin hiéu 16i ra
cua linh kién khong 6n dinh theo thoi gian hoat dong, do do, n6 thuong phai chinh chuén, hi¢u
chinh dinh ky sau khoang mét khoang thoi gian ¢& vai thang [14]. Dlem nay lam han ché kha
nang ap dung cua cam bién dién hoa trong cac hé thong giam sat khi can co kha nang hoat dong
on dinh lién tyc theo thoi gian dai. Trong khi d6, cam bién khi nguyén 1y hap thu hong ngoai dugc
cho phu hop 4p dung hoat dong lién tuc trong hé thong giam sat [8, 9].
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Hinh 4. Puong dap img dién thé 16i ra ciia kénh nhay khi Usen theo 8 chu ky 6000 ppm khi COs.
4. KET LUAN

Cam bién khi CO; nguyén 1y hap thy hong ngoai véi cau hinh khong tan sic hai kénh thu
(NDIR) d dugc ché tao cho dai nong do 0 =+ 10.000 ppm. Cam bién thé hién d6 nhay cao v&i do
phan giai c6 thé dat 2 ppm, gi6i han phat hién (LoD) dat 0,5 ppm va dg 1énh chuan dat 10 ppm.
Cam bién da che ¢6 thé phu hop do lién tuc ndng d6 CO, trong madi truong khong khi va khong
can bom hat mau khi. Do d6, cam bién dap Gmg dugc cho ap dung xay dung hé do va gidm nong
d6 khi CO2 tir d6 dua ra tac dong didu hoa khong khi trong nha nhim giam anh hudng t6i st
khoe ctia con ngudi séng va 1am viée trong moi truong nay.

Loi cdm on: Nhom tac gia xin dwoc cam on sy tw véan va hé tro khoa l%oc cua GS. Vii Binh Lam, Hoc
Vién Khoa hoc va Cong nghé; va qua trinh thuc nghiém tai Phong Cam bién va thiét bi do khi, Vién Khoa
hoc vat liéu - Vién Han ldm Khoa hoc va Cong nghé Viét Nam.
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ABSTRACT

Fabrication of non-dispersive infrared sensor (NDIR) for detecting CO;
in indoor with low-level concentration towards human health safety applications

Carbon dioxide (COy) is known as a gas of global climate change and global warming
as well as impacts on human health. Recently, scientific literature and documents have
been shown that exposure at the CO; low-level concentration (~5000 ppm) for a long-time
can affect human health and psychomotor performance. It is more serious in modern life
when humans are usually in indoor environments with low ventilation rates such as
school-rooms, office-rooms, buildings, etc. In indoor environments, the low-level CO,
concentrations can be easy to obtain due to release from the processes like human
metabolism, cooking, and fuel combustion. On the other hand, it is more dangerous
because carbon dioxide is a colorless, odorless, and tasteless gas that is undetectable to
the human senses and causes long-term and silent effects on human health. It can be
related to respiratory, cardiovascular, kidney, bone, neurological, cognitive, and autism
diseases, particularly in children and people with weak-physical conditions. In this work,
the infrared absorption gas sensor was fabricated for detecting CO; in the range of low-
level concentration (0 -+ 10.000 ppm), towards applications in monitoring and
conditioning CO; concentration in indoor environments. The configuration of the sensor is
a non-dispersive infrared (NDIR) structure with two infrared detectors. A porous ceramic
tube was used to gas self-diffusion from the environment into the gas-sampling chamber of
the sensor. The NDIR sensor showed good performance with a resolution of 2 ppm,
limitation of detection (LoD) of 0.5 ppm, and standard deviation of 10 ppm.

Keywords: NDIR gas sensor; CO2 effect on human health; CO2 low-level indoor impact.
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