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SUMMARY

RESEARCH AND BUILDING H2S GAS DETECTION TUBES
SERVE OVERVIEW AND MONITORING OF THE LABOR ENVIRONMENT

The paper introduces steps of researching and fabricating indicator tube for detecting H2S gas in the

environment and the test results for determining single-fabrication components, factors affecting the

ability to detect H2S gas in the field. Research results show that the indicator tube is capable of quickly

detecting toxic gas in the field with an accuracy of about 0.8 - §%.
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1. MO PAU

Hydro sulfua (H2S) 1a hop chit khi rt doc,
khong khi ¢é chira lwong nho khi nay co thé
gdy ngd doc cho nguoi va dong vat, khi hit
phai nan nhén cé thé bi ngat, bi viém mang két
do H,S tac dong vao mit, bi cic bénh vé phdi
dan dén tho gép va ngimg thd. HoS & ndng do
cao ¢6 thé giy té liét ho hdp va nan nhin bi
chét ngat. H>S xuat hién do ddt chay khong
hoan toan cac nhién lidu (than d4, dau...) chira
nhiéu luu huynh. Hydro sunfua ciing 1a mot
san phdm phu thong thudng cia sy phan huy
sinh hoc cua chét hitu co, do tac ddng cua cac
vi khuin. Trong méi trudng c6 oxy thip hoic
khong c6 oxi, HoS nang hon khéng khi, nd
chim xuéng va ¢o thé tich tu trong khu vuc
lam viéc hodc cac duong 6ng, ham 10, mo
than...

Hién nay cé rat nhiéu cong cy, phuong tién,
phuong phap xac dinh khi H.S trong moi
truong lao dong nhu: cac thiét bi phan tich
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online, thiét bi phan tich nhanh tai hi¢n truong,
thiét bi phan tich chuyén siu trong phong thi
nghi€ém... tuy nhién cac c6ng cu nay co gia
thanh cao, cach thuc st dung phuc tap, van
hanh tén kém, rdt it c6 don vi du diéu kién
trang bi va duy tri thuong xuyén hé théng nay
dé kiém soat 6 nhiém moi truong do khi H,S
gdy ra trong moéi truong lao dong, dac biét
trong diéu kién khai thic him 10. Hién nay trén
thé giéi da nghién ctu, phat trién va trang bi
cac loai 6ng phat hién nhanh khi doc H»S véi
nhiéu ching loai, cach thuc st dung rat don
gian, ¢ thé phat hién nhanh, tirc thoi ngay tai
hién truong khi doc HoS lam co sé cho viéc
bao dam moi truong lao dong thuan loi, tranh
cac hién tuong 6 nhiém giy mét an toan [2, 3,
5]. O Viét Nam, phuong phép xac dinh khi doc
H,S bang éng phat hién da duoc tiéu chuén héa
va cong nhan nam 2013 (theo TCVN
9763:2013), hién nay rat it ¢ don vi quan tdm
nghién ctru phét trién va san xuét ong chi thi



phat hién khi H,S (Binh chung Hoa hoc co
nghién ctru, san xuét éng chi thi trong d6 mdi
tap trung san xudt cac 6ng phat hién chat doc
quan sy), cac 6ng chi thi thuong dugc nhap
ngoai véi khdi lugng han ché va khong thuong
xuyén (c6 thé mat vai thang dat hang).

Vi vay, viéc nghién clru ché tao 6ng chi thi phat
hién nhanh khi doc nhu HaS phuc vu quan tric va
giam sat moi trudng lao dong, han ché nguy hiém
cho ngudi lao dong 14 rat can thiét.

2. THUC NGHIEM

2.1. Thiét bi va héa chit ding cho nghién ciru
2.1.1. Thiét bi

Céc thiét bj phan tich chinh dugc sir dung
trong nghién ctru la:

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

- May do pH c6 d¢ chinh xac +0,01.

- Cén phan tich d¢ chinh xac +0,1mg.

- Bom tay c6 thé tich 14y mau 100 ml;

- Thiét bi ldy mau khi luu luong t6i da 1
lit/pht;

2.1.2. Hod chiit

- Silicagel 60 (70-230 mesh), Al,O3 trung tinh
(70 - 230 mesh): Sigma-Aldrich;

- CuSO4, Pb(CH3COO0);, C3HgOs,
H2SO4, CszOH 98% (Merck)

- HNO3 65%: Sigma-Aldrich;

2.2. Phwong phap nghién ciru

2.2.1. Phwong phdp chuin bi déi twong
nghién ciru

HgCly,

Chudn bi vét liéu hap phu:

Hoat héa Silicagel: Nung & 180°C trong it nhat
1 gid, dé ngudi trong binh hiit 4m, sau d6 duoc
can dé x4c dinh khéi lugng va giit trong chai
thily tinh sach ¢6 nép van dé ngan am.
Hoat hoa Al,Os3: Nung néng t6i 130 °C trong it
nhit 12 gid, dé ngudi trong binh hut 4m, can dé
xéc dinh khéi luong va giir trong chai thuy tinh
sach c6 ndp van dé ngan am.
Chat nén silicagel va ALO; trude khi sir dung
duoc can lai va tinh todn do 4m theo cong thirc
sau:

ml-m2

X= (%,
ml

Trong d6 my: Khéi lugng vat li¢u ban dau (gam);

my: Khéi lugng vat liéu trudce khi st dung (gam);
X: D6 am (%).
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Néu d6 4m dudi 2%, vét liéu hdp phu duoc sir
dung. Trudong hop do 4m vuot qua 2 %, vat
liéu nén phai dugc hoat hoa lai va doi ngudi
trude khi su dung.

Chudn bi chdt chi thi khi:

Chuén bi chat chi thi: Nhém nghién ctru Iya
chon chét chi thi 14 Pb(CH3COO),. Can 2 gam
chi axetat. Hoa tan trong 10 ml Glycerol va 20
ml nudc cat.

Khdi lugng chat nén duogc dua vao 6ng dugc

tinh theo cong thuc:
Thé tich trong ctia dng thiy tinh (cm?)
ty trong cla vat lidu (g/cm?)

5 x05% x1 3,93

Khéi lwgng chit nén =

Khoi lwong Silicagel = 143 BEVE =275¢g
Khéil ALO _5X0,52XT[_3,93_1
ONUONgALYs = 739 T 394 B

Khoi lwong Silicagel can dung 12 2,75 g

Khéi lugng ALO; can ding 1a 1 g

Can 2,75 gam Silicagel hoac 1 gam ALO; vao
cbe thuy tinh. Thém 10 ml dung dich chét chi
thi Pb(CH3COO), da pha & trén, dung thia thuy
tinh tron déu cho t6i khi toan bo chét nén dong
nhit. Mang hdn hop chit nén di dugc tim
dung dich chi thi trén sy khd & nhiét 50 °C
trong 4 gio. Sau khi sdy kho, chat nén dugc dé
ngudi trong binh hiit m.

Chudn bi éng chi thi:

Chuén bi 6ng thuy tinh thong dung c6 kich
thude nhu sau: duong kinh ngoai 6mm, duong
kinh trong 5mm, chiéu dai 160mm.

Bong thuy tinh trude khi dung dugc rira sach
bing cach chiét trong cic dung moi
dichlomethan, acetone, ethanol sau dé séy kho,
dé ngudi trong binh hiit 4m va boc trong gidy
nhom.

Tién hanh 4y mot luong vira dii bong thiy tinh
va nap vao trong 6ng thuy tinh di han sin mot
dAu. Sau d9 tir tir cho cht nén da tim chét chi
thi chuan bi & trén vao trong dng, dung lyc dé
¢b dinh chét nén. Chiéu dai 16p hép thu khi dat
dugc 12 5 cm. Sau khi dd nap xong 16p hép thy,
chén bong thuy tinh vao dau con lai.

- s .
Chat chi thi

Béng Fhuy tinh

Hinh 1. Cdu tao ciia éng phdt hién khi H»S



2.2.2. Phwong phdp chudn bj va phan tich khi
H>S
Chudn bi méi truong khi H>S dé thir nghiém.:

Can 2,5 gam Na,S cho vao binh tam gidc co
nhéanh. Thém tir tir Sml HCl lodng vao trong binh
tam giac. Phan trng tao ra khi H,S nhu sau:

Nas$ + HCI [ 2NaCl + H,S'

khang khi
Hoa chét 1

HS t
. AT . |

May hat
khi
' Tui khi

Hinh 2. So do tao moi truong khi HaS dé thir nghiém

Khi phan Ung xdy ra, dung bom hut khi trén
miéng binh nén véi luu lugng 1 phat/lit trong
khoang 30 gidy vao tai ldy mau. Tién hanh hut
khong khi véi luu lugng nhu trén cho tdi khi
day tii iy miu co thé tich 5 lit va déng chat
nat tii khi. Xéc dinh lai ndng d6 thuc té cua
khi H,S trong tai khi bang phwong phéap so
mau (theo Method MASA 701).

Ldy mdu: Mau khi chita H>S duge chuyén vao
dung dich hdp thu véi luu lugng khi 1a 0,5
1/phitt trong 15 gidy, thé tich dung dich hap thu
la 25ml;

Pha ché day chudn:

Bang 1. Pha ché cdc dung dich chudn xdc dinh khi HoS

Ong chuan
Ho4 chét ! 2 3 4 > 6
Vdd H,S ndng d6 5 pg/ml 0 0,25 0,5 0,75 1 2
Vdd hap thy (ml) 10 10 10 10 10 10
Vdd kiém tra amin (ml) 1,5 1,5 1,5 1,5 1,5 1,5
VFeCl; 1 giot 1 giot 1 giot 1 giot 1 giot 1 giot
Vdd (NH4),HPO4 1 giot 1 giot 1 giot 1 giot 1 giot 1 giot
Nudc cat Pinh mirc dén vach 25ml
Ham luong HoS (ug/ml) 0 | 005 | o010 | 015 [ 020 0,4

Dé yén trong 30 phit, do phd hép thu & budc séng
670nm. Puong chuan phan tich HoS dugc thé hién
trong hinh 3.

Hinh 3. Puong chudn xdc dinh H»S trén thiét
bi phan tich UV-VIS
2.2.3. Phwong phdp tthir nghiém chi thi mau
trén ong phit hién
M hinh thir nghiém duoc lip dit nhu trong hinh 4.

éngo rlw;nr:; \
L8 cim

éngva

tnong khi
Keonaiet
Ong phit hién

Hinh 4. M6 hinh thiét bi thir nghiém ong phdt

hién khi H>S
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3. KET QUA VA THAO LUAN

3.1. Khio sat Iira chon loai chét nén

Chuén bi dbi tuong thi nghiém dugc mé ta nhu
muc 2.2.1

Céc bude chudn bi ng chi thi khi dé sao sat
dugce md ta trong so db hinh 5

Két qua khao sat Iya chon loai chét nén duoc mo
ta trong bang 2 va hinh 6. Két qua khao sat cho
thay khi st dung silicagel lam chit nén, mau
clia tang hip phu thay doi 15 rét va dé quan sat
bing mét hon so v&i AlOs, thoi gian déi mau
ctia 6ng 1au hon. Tir d6 nhém nghién ciru lya
chon silicagel lam vat liéu nén cho ting hip

phu khi H,S.



Chuén bi vat liéu nén

A 4

Tém dung dich chét chi
thi 1én vét liéu nén

Chuén bj dung dich chét
chi thi

A

Séy kho

v

Nap dng

Hinh 5. Cdc bute chudn bi ong chi thi @é khdo sdt kha ning phat hién khi H>S

Bang 2. Két qua khao sdt chon logi chat nén

Y T B - Hién twgng
TT | Loaichat nén Ong chi thi = - — — -
Chuyén mau Thoi gian hién mau
Ong 1 Trang - niu den > 5 phut
1 Silicagel Ong 2 Trang - ndu den > 5 phut
Ong 3 Trang - nau den > 5 phut
Ong4 Tréang - niu nhat <1 phut
2 AL O; Ong5 Trang - niu nhat <1 phat
Ong 6 Trang - nau nhat <1 phut

Silicagel

ong 6

Hinh 6. Hinh énh khdo sat lua chon logi chét nén

3.2. Khio sit lwa chon loai chat chi thi va
ham lwong chit chi thi

Nhoém nghién ctru di lwa chon mot sé loai chét
chi thi c6 kha nang xay ra phan ung mau voéi
khi H,S dé khio sat d6 la: CuSOs,
Pb(CH;COO), va hén hop HgClo/methyl red.
Phuong phap thir nghiém:

Cén 2g CuSOy cho vao 50 ml nudc cat 2 lan, ldy
10ml dung dich trén ngam tim vao 2,75g silicagel
trong 30 phut. Sdy & 50 °C trong 4 tiéng.

Cin 2g Pb(CH3COO), phan ung véi 10 ml
glycerol va 20 ml nuéc cat 2 1an, ldy 10ml
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dung dich trén tim vao 2,75g silicagel trong 30
phit. Sy & 50 °C trong 4 tiéng.

Can 2g HgCl, va 0,01g methyl dé dua vao binh
tam giac chira 50ml etanol 99,5%, hut 10ml
dung dich trén tim vao 2,75g silicagel trong 30
phut. Vi etanol dé bay hoi nén hon hop dugc
dé ¢ nhiét do phong trong 4 tiéng.

Nhém nghién ctru da chudn bi hai tii khi c6
ndng do khi H,S twong tmg 1a 10,04 mg/m? va
40,05 mg/m3. Sau d6 tién hanh thir nghiém
dung cac dng chi thi da chuan bi & trén, két qua
nhu thé hién & bang 3




Bang 3. Két qua khao sdt loai chat chi thi

Thoigian | Chiéu dai l6p chi thi d6i mau (mm)
STT | Loai chit chithi | Su chuyén mau hién mau Nong d6 khi 1,04 Nong dd khi
(phit) mg/m? 40,05 mg/m?
1 CuSOq4 Xanh — nau den >5 5,1 447
2 Pb(CH3COO0) Trang — nau den >5 5,3 45,1
3 | HgCly/Methyl red Vang — Hong <5 10,2 50,00

Chii thich: @ Khodng d6i mau c6 thé vueot qud chiéu dai cia ong chi thi.

HgClL/
Methyl do

CuSO,

Pb(CH,CO0),

Hinh 7. Hinh énh khéo sat lva chon loai chdt
chi thi

Qua khéo sat ba loai cht chi thi trén nhém

nghién ciru nhan thdy nhu sau: Ong chi thi tim

CuS04 va Pb(CH3COO); cho phan tng mau rd

rang, 16p chat chi thi sau phan Ung bén mau,

chiéu dai 16p chi thi phtt hop véi khoang nong do

khi. Tuy nhién déi voi dng chi thi CuSOs mau
16p chat chi thi chuyén tir mau xanh den sang
mau ndu den s& khé dé quan sat bang mat thudng
hon so vé6i ng chi thi st dung Pb(CH3COO),
chuyén tir mau tring sang mau niu den.

Déi vai dng chi thi tim hdn hop HgCly/methyl
red thi 6ng chi thi ¢c6 d nhay cao, mau sic dé
quan sat. Tuy nhién mau cua lép chi thi trudc
va sau khi phan Gng vé6i khi HaS kém bén trong
mdi trudng khong khi. Hon nita chiéu dai
khoang d6i mau cua 16p chi thi ciing khong
phi hop véi khoang ndng do khao sat cua
nghién ctru. Nhu vay nhém nghién ctu lua
chon Pb(CH3COO), 1am chit chi thi cho dng
phat hién khi H»S.

Tién hanh khao sit & cic ham lugng
Pb(CH3COOQ), nhu sau: 0,001; 0,005g; 0,01g;
0,05¢g; 0,1g; 0,2g pha trong 10 ml CH;COOH
2% dbi v6i cac dng chi thi c6 chiéu dai 16p chi
thi 100 mm.

Két qua khao sat dugc thé hién trong bang 4.

Badng 4. Két qua khao sat ham lieong chdt chi thi

. . Chiéu dai 16p chi thi d6i mau
Khoi lwgng Thoi gian (mm)

STT chét chi thi Sw chuyén mau hién mau < — < —

, Nong do khi Nong do khi

(gam) (phut) 3 3

1,04 mg/m 40,05 mg/m
1 0,5 Trang — nau nhat >5 17,7 90,0
2 1,0 Tréng — nau nhat >5 15,9 88,4
3 1,5 Tréng — nau nhat >5 10,5 85,8
4 2,0 Trang - ndu >5 5,7 49,2
5 2,5 Trang — nau >5 5,3 45,1
6 3,0 Trang — nau den >5 4.5 43,6

Qua khao sat ham lugng chit chi thi, nhom
nghién ctru nhan thdy khi lwong chit chi thi
nhé thi khoang d6i mau rat dai, mau sic nhat
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va c6 su khuéch tan khong dong déu mau sac.
Vi lugng chat chi thi 1on, mau sic ro nét,
khoang d6i mau ngan hon va mau sac phan bo




ddng déu. Nhu vdy nhém nghién ciru lwa chon
khdi lwgng chét chi thi Pb(CH3COO), dé cho
khoang ddi mau phu hop 1a 2 gam.

3.3. Khio sat chia khoang nong do

Dung bom hut khi hut tir tdi khi chudn cé nong
40,03 mg/m® sang cic tui khi ¢6 thé tich 5 lit
duogc cac khi ¢6 nong do khac nhau. Tién hanh

pha lodng céc tui khi vira tao ra bang cach hit
khi tro dén thé tich 5 lit. LAy cac mau khi trong
c4c tai khi d6 va phén tich bang phuong phap
tréc quang dugc cac néng d% can chuén bi.

Két qua khao sat chiéu dai éng chi thi ché tao
va khoang chia ndng d6 duoc thé hién nhu
bang 5:

Bang 5. Két qua khao sdt chia khodng nong d¢

STT | Néng dé khi HzS (mg/m®) | Ndng db khi H:S (ppm) Chicu dai '(‘::2;‘3 d6i mau
I 1,05 0,8 5,7
2 5,04 3.6 8,0
3 10,06 7.2 16,5
4 15,07 10,8 13,2
5 20,07 14,4 31,3
6 25,03 18,0 36,0
7 30,04 21,6 40,7
8 40,03 28,8 492

3.4. Khao sat dg 1ap lai, giéi han phat hién
ciia dng chi thi khi H2S

Dung cac tai khi dé tao ndng d6 khi khac nhau
trong khoang tir 1 - 40 mg/m?. Liy bay ng chi
thi khac nhau dé dinh luong khi H2S & ciing
mot néng do khi, tinh toan do lap lai qua cong

Trong d6: d; 1a chiéu dai khoang ddi mau cua
ong chi thi khi phat hién khi & nong d¢ C;
mg/m? (mm);

di 12 chiéu dai trung binh khoang d6i mau cia
cac éng chi thi khac nhau phat hién 6 cing mot
néng do (mm);

thirc sau: SD 1a d6 léch chuén tuyét ddi;
| RSD la d6 léch chudn twong ddi (%).
SD= J— Z (d, —d, )2 Két qua khao sat do lap lai duoc thé hién trong
n—143 bang 6.
SD
RSD=——x 100 (%)
dtb
Bang 6. Két qua khao sdt dg ldp lai ciia ong chi thi khi H>S
T Nong d§ khi | Chiéu dai khoéing ddi mau theo cic | Chiéu dai trung <D RSD
H:S (mg/m?) lan khao sat (mm) binh (mm) (%)
1 1,05 48,5,9;5,8;5,7,5,4;5,9; 6,1 5,7 0,40 8,0
2 20,07 31,2; 31,8;30,0; 31,4; 31,6; 31,5; 31,9 31,3 0,59 2,81
3 40,03 49,1; 49,5; 49,0; 49,8; 48.9; 49,7; 48,8 493 0,37 0,8

Nhu vdy ¢ ngudng ndng do khio sat 1,0 - 40
mg/m?, 46 1dp lai ctia phuong phép sir dung dng chi
dé dinh lugng khi H>S trong khoang tir 0,8 — 8%.

Dé khao sat giéi han phat hién cua ong chi thi
khi H>S, nhom nghién ctru chudn bi céc thi khi
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c6 ndng do trong khoang 1,0-0,1 mg/m’ va
ding ba éng chi thi khi H,S dé phat hién ¢
timg ndng d6. Két qua khao sat thé hién nhu
bang 7.




Bang 7. Két qua khao sdt gi6i han phdt hién ciia ong chi thi khi H>S

STT | Nong dé khi H2S (mg/m?) Sw chuyén mau Chicu dai klfoang doi mau
trung binh (mm)
1 1,0 Trang — ndu 5,7
2 0,5 Trang — nau 2,5
3 0,2 Trang — nau nhat 1,2
4 0,1 Trang — nau nhat 0,7
5 0,05 Trang — nau nhat 0,4

Tir két qua khao sat nhan thiy ¢ nong d¢ khi
H,S 13 0,2 mg/m?, dng chi thi van xay ra hién
trong déi mau tuy nhién chiéu dai khoang ddi
mau ctia 6ng chi thi rit ngén va mau sic kho
quan sat. Dudi ngudng nong d6 do6, dng chi thi
khong con kha nang phat hién sy c6 mat cia
khi H,S. Do d6 c6 thé két luan giéi han phat
hién ciia ong chi thi khi HS 13 0,2 mg/m>.

3.5. Khao sit cic yéu td anh hwéng

Céc yéu t6 anh huong dén kha niang phét hién khi
H,S ¢6 thé 1a céc hop chit ¢6 cdu truc va kha
ning phan tng véi thudc thir Pb(CH3COO),
twong tu nhu khi H,S hodc cic chat gay nhiéu.
Theo cac tai liéu tham khao [2, 3, 4], phép thur
xac dinh khi H,S st dung thubc thir
Pb(CH3COO0), c6 thé bi anh huéng boi cac khi
sau: NO», SOs.

Nhom nghién ctru da tién hanh nghién ctru kha
nang anh huong boi cac khi doc SO,, NO, dén
kha nang phat hién ctia dng phét hién khi H,S
& ndng d6 khoang 1,05 mg/m? trong khong khi.
Két qua thir nghiém murc d6 anh hudng cua cac
khi dwgc thé hién nhu trong hinh 8

15
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Hinh 8. 6 thi biéu dién su anh huwong cua cac
khi NO; va SO, dén éng chi thi khi H,S
Qua két qua nghién ctru nhan thiy: Khi NO,
khong giy anh huong ti chidu dai khoang ddi
mau cua 16p chi thi nhung giy anh huong tdi
mau sic cta 16p chi thi. O nong d6 NO; cing
cao (16n hon 50 mg/m?) 16p chi thi d6i mau
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cang nhat. Khi SO vira gdy 4nh hudng t6i mau
sic va chiu dai khoang d6i mau ciia 16p chi thi.
KET LUAN

Di nghién ctru, ché tao thanh cong ong chi thi
phat hién nhanh khi doc H»S, dng chi thi c6
kha nang phat hi€én nhanh va ngay tai hién
truong khi doc HoS véi d6 chinh xac 0,8-8%,
céc nguyén liéu dé san xuat co ban théng dung
¢6 trén thi trudong, san phdm nay c6 thé dugc
san xut voi s6 luong 16n trén ddy chuyén san
Xudt 6ng phat hién chét doc quan sy tai nha
may X61/Binh chung Héa hoc.
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