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SUMMARY

Toxic gas indicator tubes have been studied and applied as an instrument to monitor and assess air
quality in many countries (USA, Japan, Germany, China). In Vietnam, a number of national standards
have been issued on the use of toxic gas indicator tubes for the purpose of assessing the quality of natural
gas. However, at present, the manufacturing of these indicator tubes is very limited. This paper presents
the research results and the fabrication of NH3 gas detection tubes based on the ammonium gas indicator
reaction by a pH indicator on a quartz sand substrate. This paper also presents the experimental results of
determining single manufacturing component and the factors that affect the ability to measure NHs;
concentration in the field. With the laboratory production conditions, the proposed indicator tubes is
capable of quickly detecting toxic gas in the field with an error of about 1 + 9,5%.
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1. PAT VAN PE lién tuc van chua dugc y thirc cao trong da sd
Amoniac (NHz) 1a hop chat khi doc, khong cac lanh dao cong ty, chi doanh nghiép. Hién
mau, c6 mui khai va tan nhiéu trong nuée. Néu trang cong tic quan tric, kiém tra, danh gia
trong khong khi chira ham lugng khi nay vuot chat lwong khong khi méi truong 1am viée méi
quéa ngudng cho phép quy dinh c6 thé gay ngd chi mang tinh chat thy dong, cong tic nay
doc cho ngudi va dong vat (theo Quyét dinh duoc tién hanh dinh ky 6 thang mot 1an béi cac
3733/2002/Qb-BYT, ngudng cho phép cua co quan ¢6 chirc nang quan trac méi truong lao
amoni trong 1 lan do 13 25 mg/m°). dong hoac kiém tra dot xuét khi ¢ cac su cd
Tai Viét Nam dac biét 1a tai cac tinh, thanh, moi truong tai cac cong ty do co quan chuc
khu vyc tap trung nhidu khu cong nghiép, da nang quan Iy méi trudng ctia nha nude to chirc
¢6 mot s6 nha may, co s& san xuat timg xay ra tién hanh. Cong tic quan tric, kiém tra, ddnh
hién tugng 6 nhidm khi doc bit thuong gay hau gid chua mang tinh chit chu dong, thuong
qua tryc tiép dén cic cong nhan dang lam viéc xuyén trong mdi cong ty, co so san xuat dé tir
(nhu: bi hon mé, non mira, ngét lim, bi tir d6 cb cac bién phdp bao dam moi trudong tbt
vong), c6 mdt sb truong hop khong khi khu cho can b, cong nhan lam viéc.

vuc lam viéc khong bao dam gay ra hién tugng Hién nay c6 rat nhiéu cong cu, phuong tién,
tich tu khi doc hai lau ngay dan dén hau qua phuong phap xac dinh khi NHs trong modi
lau dai vé cac bénh ho hép, tim mach, cao hon truong lao dong nhu: cac thiét bi phan tich
nita ¢6 thé bi ung thu, dot bién gen.... Van dé online, thiét bi phan tich nhanh tai hién trudng,
bdo dam moi truong lam viéc thudng xuyén, thiét bj phan tich chuyén siu trong phong thi
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nghiém... tuy nhién céc cong cu ndy c6 gid
thanh cao, cach thtc st dung phuc tap, van
hanh tén kém, rat it co don vi du diéu kién
trang bi va duy tri thuong xuyén hé théng nay
dé kiém soat 6 nhiém moéi truong do khi NH3
gdy ra trong moi truong lao dong. Hién nay
trén thé gioi da nghién ciru, phat trién va trang
bi cic loai dng phat hién nhanh khi NH;3 véi
nhiéu ching loai, cach thic st dung rat don
gian, c6 thé phat hién nhanh, tic thoi ngay tai
hién truong khi NHz lam co s& cho viéc bao
dam moi truong lao dong thuan loi, tranh cac
hién tugng 6 nhiém gy mat an toan ngay tai
o s6 lao dong, tuy nhién cac dng nhap ngoai
khong c6 san, khi mua phai dit hang san xudt
hang nhiéu thang, gi4 thanh chua hop ly. O
nudce ta, van dé nghién ctru éng phat hién khi
NH3 van chua dugc quan tim, nghién ciru, do
d6 van dé nghién ctru ché tao dng chi thi phat
hién khi NH3 trong moi trudng lao dong dé dap
g nhu cau cua thi truong 1a can thiét va cap
bach.

2. PHAN THUC NGHIEM

2.1. Thiét bi va héa chéat diung cho nghién
ctru

2.1.1. Thiét bi

Céac thiét bi phan tich chinh dugc st dung
trong nghién ctru la:

- May UV-VIS Jasco V530 (Nhat Ban).

- May do pH c6 d¢ chinh xac £0,01.

- Can phan tich d¢ chinh xac +0,1mg.

- Bom tay c6 thé tich ldy mau 100 ml;

- Thiét bi ldy miu khi luu luong téi da 1
lit/phat;

2.1.2. Hod chit

- Silicagel 60 (70-230 mesh), Al;Os trung tinh
(70 - 230 mesh): Sigma-Aldrich; cét thach anh
trung tinh (cung kich thuac hat 0,2-0,5 mm)

- Bromophenol blue: hdng Sigma;

- H3PO4 85% Merck;

- Etanol 99,9%: Viét Nam;

- Dung dich Amoniac 25-28%: Macklin (Trung
Qudc).

2.2. Phuong phap nghién ciru

2.2.1. Phwong phdp chuin bi déi twong
nghién ciru

Chudn b vdt liéu hdp phu:
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Hoat hoa Silicagel (kich thwdc 0,2-0,5 mm):
Nung & 180°C trong it nhat 1 gio, dé nguoi
trong binh hit 4m, sau d6 duoc can dé xac dinh
khéi Iugng va giir trong chai thiy tinh sach c6
nap van dé ngan am.
Hoat héa Al,Os (kich thude 0,2-0,5 mm): Nung
nong téi 130 °C trong it nhat 12 gio, dé ngudi
trong binh hit 4m, cin dé xac dinh khéi luong
va giit trong chai thay tinh sach c6 nap vin dé
ngan am.
Hoat hoa cat thach anh (kich thuéc 0,2-0,5
mm): Nung ¢ 180°C trong it nhat 1 gio, dé
nguoi trong binh hat am, sau d6 duoc can dé xéac
dinh khéi Iugng va giit trong chai thay tinh sach
¢6 nap van dé ngan am.
Khdi lugng Silicagel cho 01 6ng 142,75 g
Khdi luong Al,03 cho 01 énglal g
Khdéi lwong cét thach anh cho 01 éng 13 2.8 g
Chudn bi chat chi thi khi:
Chét chi thi duoc ché tao dua trén phan g
axit — bazo:
3NH3 + H3PO4 — (NH4)3PO4
(NH4)3PO4 + Chat chi thi pH — San phim
phan tmg c6 miu dic trung
Chudn b ¢ng chi th;:
Chuan bj ng thuy tinh thong dung cé kich
thudc nhu sau: duong kinh ngoai 6mm, duong
kinh trong 4 mm, chiéu dai 160mm.
Bong thay tinh trude khi dung dugce rira sach

bang cach chiét trong cac dung moi ethanol sau
d6 say kho, dé ngudi trong binh hit 4m va boc
trong gidy nhom.

Tién hanh ldy mot luong vira du bong thuy tinh
va nap vao trong 6ng thity tinh da han sin mot
dau. Sau d6 tir tir cho chat nén da tim chat chi
thi chudn bi ¢ trén vao trong dng, dung lyc dé
c¢b dinh chét nén. Chiéu dai 16p hip thy khi dat
dugc 1a 5 cm. Sau khi da nap xong 16p hép thy,
chén bong thuy tinh vao dau con lai.

2.2.2. Phuong phdp chuin bi va phin tich khi
NHs

Chudn bi méi trieong khi NHg d@é thi nghiém:
Pong 10ml dung dich amoniac vao binh tam

giac c6 nit cao su dd duoc duc 16. Dung bom
hat khi trén miéng binh tam gidc v6i luu lugng
1 phat/lit trong khoang 20 gidy vao tai ldy
méu. Tién hanh hut khong khi v6i luu lugng



nhu trén cho t&i khi day thi 1dy mau c6 thé tich
10 lit va dong chat nit tui khi. Xac dinh lai
nong do thuc té ctia khi NHj trong thii khi bang
phuong phéap so mau [6]. DBé chia nong do khi
amoniac dung thiét bi pha lodng khi amoniac
ban dau vai khi tro (Ny).

Khéng khi

ZXEN j

May hat khi Tai khi
Hinh 1. So dé tao méi truong khi NHz dé thir
nghiém

Céc mau khi sau khi chuén bi duoc thir
nghiém véi cac dng chi thi trong ty nhau:

dung bom tay hut 100 ml khi trong ti dung (1
lan bom).

2.2.3. Phwong phdp tién hanh khdio sdt, lira
chon chiit chi thi, chit nén

Nhém nghién ctru da lua chon loai chét chi thi
¢6 kha nang xay ra phan img mau véi khi NHs
dé khao sat d6 1a: bromphenol blue.

- Phuong phap thir nghiém lya chon chat chi
thi:

- Phuong phap tién hanh lya chon ham lugng
chét chi thi:

Tién hanh khao sat & cac ham luong
bromphenol blue nhu sau: 0,01; 0,03; 0,05;
0,08 g pha trong 5 ml etanol 99,9%.

- Phuong phap tién hanh Iya chon thang chia
vach phat hién va giéi han phat hién trén dng
chi thi:

Dung bom hut khi ht tir tai khi chuan c¢6 ndng
100 mg/m?® sang cac tai khi c6 thé tich 10 lit
duoc cac khi co néng d6 khac nhau. Tién hanh
pha lodng cac tai khi vira tao ra bang cach hut
khi tro dén thé tich 10 lit. Tién hanh xdy dung
khoang chia vach mirc ¢ 8 diém trong khoang
ndng d amoni tir 5 dén 100 mg/m?.

Dé khao sat gioi han phat hién ctia ong chi thi
khi NHs, nhom dé tai chuan bi céc tai khi c6
nong d6 NHs nho dan trong khoang 0,1 - 5

mg/m? va duing ba dng chi thi khi NHz dé phat
hién & timg ndng do.

2.2.4. Phwong phdp tién hanh khdo sdt cdc
Yéu té anh hwéng dén ong chi thi

Khao sét cac yéu t6 anh huong dén kha ning phét
hién khi NH3 1a cac hop chit amin nhu
methylamine, dimethylamine, trimethylamine
c6 ndng do tir 1-50 mg/m3. Nong d6 khi NH;
dé khao sat kha nang chi thi mau ciia 6ng phat
hién 1a 5,0 mg/m? trong khong khi [1,2,3,4,5].
3. KET QUA VA THAO LUAN

3.1. Lua chon loai vét liéu nén

Tién hanh khao sat lua chon loai vat liéu nén &
nong d¢ khi NH3 100,0 mg/m2. Thé tich mau
can 1ay dé 16p chét chi thi trong dng d6i mau la
100 ml (1 1an bom) va thu dugc két qua thé
hién nhu bang 1 va hinh 2.

Két qua khao sat cho thdy khi sir dung silicagel
lam vat liéu nén, mau cia ting hip phu thay
d6i rd rét tir mau cam sang mau tim, thoi gian
d6i mau bén. Dbi v6i AloOs, khi tdm chét chi
thi mau cua vat liéu nén chuyén tir tring sang
tim, va khong co hién tuong d6i mau khi iy
mAu NHs qua éng chi thi.

Khi str dung cat thach anh lam vat li¢u nén, 16p
chit hap phu chuyén tr mau cam sang mau
xanh den, thoi gian d6i mau bén. Tuy nhién khi
so sanh truc quan chidu dai khoang d6i mau
cua hai vat liéu nén silicagel va cat thach anh &
cung kich thudc hat, nhan théy khi str dung cat
thach anh, chiéu dai khoang d6i mau & nong do
khi NH3; 100 mg/m® 16n hon, phu hop véi muc
tiéu vé chiéu dai 16p chi thi d6i mau ctia nhom
d& tai. Tir d6 nhom dé tai lya chon cat thach
anh 1am vat liéu nén cho tang hap phu khi NHs.

J

‘Silicagel ALO Cit
E‘ili £ *"% thach anh

Hinh 2. Hinh anh khao sdt lua chon logi chdt
nén ¢ nong dg khi 100,0 mg/m?



Bang 1. Két qua khao sat logi vat liéu nén

Hién tuwgng
TT Loai chét nén Ong chi thi 2 Thoi gian
Chuyén mau N .
hién mau
Ong 1 Cam —tim >5
1 Silicagel Ong 2 Cam — tim >5
Ong 3 Cam - tim >5
Ong 4 Khong d6i mau -
2 Al,O; Ong 5 Khong d6i mau -
Ong 6 Khong doi mau -
Ong 7 Cam — xanh den >5
3 Cat thach anh Ong 8 Cam — xanh den >5
Ong 9 Cam — xanh den >5

3.2. Khio sit lya chon ham hrong chét chi thi
Két qua khao sat lya chon ham lugng chét chi
thi dugc thé hién trong bang 2.
Qua khao sat ham lugng chét chi thi, nhom dé
tai nhan thay khi ham lugng bromphenol blue
giam, chidu dai 16p chi thi d6i mau tang Ién
tuong ung. Dé bao dam dai do phat hién khi
NH; tir 5 — 100 mg/m3 v&i chiéu dai 16p hip
phu cua 6ng chi thi ché tao 1 50 cm thi ham
lwong chit chi thi st dung phu hop 14 0,05 g.
Nhu vay nhom dé tai lya chon luong chét chi
thi bromphenol blue & ham lugng 0,05 gam dé
ché tao 6ng chi thi khi NHa.
Bdng 2. Anh hwéng ciia ham lwong chdt chi thi
dén chiéu dai I6p chi thi doi mau

‘. Chiéu dai 16p chi thi doi
Khoi .
mau (mm)
lwgng Py— o
TT chét chi Nong d6 | Nong dé khi
thi (gam) khi 100 mg/m?®
He 5 mg/m®
1 0,1 2,2 43,1
2 0,08 3,3 45,6
3 0,05 5,2 49,6
4 0,03 6,9 50
S5 0,01 9,2 500

3.4. Khio sat thang chia vach khoing nong
do caa 6ng phat hién

Két qua khao sat chidu dai 6ng chi thi ché tao
va khoang chia néng do duoc thé hién nhu
bang 3. Tir két qua ndy, nhom dé tai da dua ra
thang chia vach dé doc két qua do khi amoniac
phat hién tai hién truong.
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Bdng 3. Két qud khao sat chia khodng nong dg

Nong d9 khi | Chiéu dai khoang
TT ..
NH3 (mg/m?) doi mau (mm)
1 5,0 7,19
2 10,0 14,38
3 20,0 28,76
4 40,0 57,53
5 60,0 86,29
6 80,0 115,06
8 100,0 143,82

3.5. Khao sat do lap lai, giéi han phat hién
ciia Ong chi thi khi NH3

Dung céc tii khi c6 nong d6 khac nhau trong
khoang tir 5,0 — 100,0 mg/m3. Dung bay ong
chi thi khac nhau dé dinh luong khi NH3 &
cung mot n6ng d6 khi, tinh toan d¢ lap lai qua
cong thure sau:

1 n
SD = [ '(d; —dy)*
\/n—1i=1( i tb)

5D .
RSD = ——x100 (%)

th

Trong d6: di 1 chiéu dai khoang ddi mau ciia
ong chi thi khi phat hién khi ¢ néng do C;
mg/m? (mm);

d 14 chiéu dai trung binh khoang d6i mau ctia
cac 6ng chi thi khac nhau phat hién & cung mot
nong d6 (mm);

SD 1a d6 léch chuin tuyét dbi;

RSD 1a d6 1éch chuéan twong d6i (%).

Két qua khao sat d6 lap lai dugc thé hién trong
bang 4.




Bdng 4. Két qua khdo sdt do Idp lai ciia ong chi thi khi NHa

rr | NongddkhiNH | Chidu dii khoing d5i tfj‘r‘];“b?s;] 0 RSD (%)
(mg/m?3) mau (mm)
(mm)
5.1 44,57, 4,7, 4,9, 53;
1 5,0 MR 5,2 05 9,5
22,5, 23,2, 22,2, 215,
2 40,0 23,7, 21,5; 23,6; 23,0; 225 0.8 34
22,4218
49,9, 49,6, 49,8; 49.9;
3 100,0 48,4; 49,9; 49,6; 49.9; 49,6 0,5 1,0
48,8; 49,7

Qua két qua bang 4 nhan thiy, & ngudng ndng

d6 khdo sat 5,0 — 100,0 mg/md, @6 lap lai cua

phuong phap st dung éng chi dé dinh lwong

khi NH3 trong khoang tir 1,0 - 9,5 %.

Két qua khao sat gi6i han phat hién cua 6ng chi

thi dwgc thé hién nhu trong bang 5.

Bdng 5. Két qua khao st gidi han phat hién

ciia ong chi thi khi NHs

Nong dd P Chi,éu dﬁ;i .

TT | Kkhi NH.s Sw ch‘uyen kh\oang doi

(mg/m?) mau mau trung

binh (mm)
1 5,04 Cam - tim 41
2 2,5 Cam - tim 2,7
3 1,0 Cam - tim 1,9
4 0,5 Vang - tim 1,0
5 0,2 Vang - tim 0,6

6 01 Vang —tim | Khong hién

’ nhat thi mau

Dua vao két qua khao sat thé hién trong bang 5
nhén thiy ¢ nong d6 khi NH; 1a 0,2 mg/m?3,
ong chi thi van xay ra hién tuong d6i mau tuy
nhién chiéu dai khoang d6i mau ctia 6ng chi thi
rit ngin va mau sic kho quan sat. Dudi
ngudng ndng do d6, dng chi thi khong con kha
nang phat hién sy c6 mat cua khi NHs. Do d6
¢6 thé két luan giGi han phat hién cua ong chi
thi khi NH3 12 0,2 mg/m?.

3.6. Khio sat cic yéu to anh hwéng

Két qua nghién ctru cac yéu t6 anh hudng dén
6ng chi thi NH3 duoc thé hién nhu trong hinh 2.
Qua két qua nghién ctru nhan thay: Hoi ctia cac
amin khao sat déu giy anh hudong téi su
chuyén mau va két qua chi thi khi NHz cua dng
chi thi. Nong d6 hoi amin cang cao cang giy
sai 56 16n cho két qua chi thi khi NHz. Nhu vay
khi st dung 6ng chi thi phéat hién amoniac
trong khong khi can chii y dén kha ning giy
nhiéu cuia cac hop chit amin.
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Hinh 2. D6 thi biéu dién sw anh huwong cua cdc
hoi methylamine, dimethylamine,
trimethylamine
4. KET LUAN
Ong chi thi phat hién nhanh khi doc NH3 duogc
nghién cuu, ché tao trén co s& chit nén 1a cat
thach anh va chat chi thi 1a bromphenol
blue/etanol, dng chi thi c6 kha ning phat hién
nhanh va ngay tai hién truong khi doc NHz voi
sai s0 trong khoang 1-9,5%, ngudng phat hién
khi amoniac trong khong khi khoang 0,2
mg/m3, dai do tir 5 dén 100 mg/m®.
Qué trinh sir dung dng chi thi dé phat hién khi
amoniac bi anh huéng boi cac chit khi gay
nhiéu la cac hop chit amin trong khong khi.
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