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The paper presents the research results on the colorimetric behavior of impregnated fi-
brous chemisorbents (IFCS-I) of acid gases with visual identification of the dynamic absorp-
tion capacity “response” moment during the absorption of sulfur dioxide. Chemisorbents
were obtained by impregnation of fibrous carriers by N-containing organic bases aqueous
solutions with adding acid-base indicators (Ind). IFCS-I based on hexamethylenetetramine
(IFCS-HMTA-I) and polyethylenepolyamine (IFCS-PEPA-I), as well as IFCS-MEA-EDTA-I
based on monoethanolamine (MEA) and the disodium salt of ethylenediaminetetraacetic
acid (EDTA) were used. The change specificity of colorimetric functions of indicator impreg-
nated fibrous chemisorbents during their absorption of SO, is revealed. IFCS-I original sam-
ples color significantly depends not only on the structure of Ind, but also the nature of amines
(MEA, HMTA and PEPA), which are part of them. The color of the “response” samples of
IFCS-MEA-EDTA-I, IFCS-PEPA-I and IFCS-HMTA-I, differ from the same properties of
Bronsted acids aqueous solutions. The color change of azo-indicators occurs due to redox
reactions with sulfite compounds. PEPA molecules and their ammonium cations in the com-
position of IFCS-I stabilize azo-indicators to these redox transformations.
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INTRODUCTION. When using known
respirators, the moment of their “response” is
determined by the workers of labor protec-
tion departments on the basis of data on the
absorption capacity of gasfiltering elements
(GFEs). The difficulty of the work done by
the user into two ways: the results of instru-
mental measurements of the air pollution level

during the operation of the respirator by the
user, or by organoleptic method. In the former
case, a special equipment and trained person-
nel are required to obtain the necessary infor-
mation, and in the latter case, the moment of
“breakthrough” is determined subjectively and
can lead to the poisoning of the user. That is,
a significant disadvantage of known filtering
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respirators, designed for protection against to-
xic acid gases, is the impossibility to determine
in proper time the moment of dynamic absorp-
tion capacity “response” of the GFE, to note the
breakthrough of sorptive into the mask cavity.

The authors of [1,2] proposed granular in-
dicator chemisorbents - ionites, which change
their color during “response” to NH,, H.S,
SO,, HCI, etc, for fitting up gas filter boxes and
gas sample preparation filters in the manufac-
ture of gas analyzers. The ionite filter body is
made by casting from an optically transparent
shock-resistant polymer material (polycar-
bonate fluoroplastic), which makes it possible
to watch the condition of chemiosorbent dur-
ing the “response” of the filter.

Belarusian colleagues [3] proposed indica-
tor materials for SO, capture, obtained by im-
pregnating a fibrous anionite containing in its
structure functional groups of tertiary amine
(dimethylaminopropylamine) with acid - base
indicators in a pH range of 7.0-8.5.

To make GFEs, with which light respirators
are fitted, the Physico-Chemical Institute of
Environment and Human Protection of MES
of Ukraine and NAS of Ukraine (Odesa) has
developed impregnated fibrous chemisorbents
of acid gases with visual identification of the
moment of dynamic absorption capacity “re-
sponse” (IFCS-I) [4-6], obtained by impreg-
nating fibrous carriers with aqueous solutions
of N-containing organic bases (Am: monoetha-
nolamine (MEA), hexamethylenetetramine
(HMTA) and polyethylenepolyamine (PEPA)),
to which acid-base indicators (Ind) with wider
color transition range between pH 5.0 and 9.2
were added.

The “response” of the dynamic absorption
capacity of such chemisorbents during the ab-
sorption of an acid gases (sulfur dioxide) can
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be visually determined from GFE color change
on the side facing the face during the “break-
through” of sorptive.

However, the visual indication of dyna-
mic absorption capacity “response” has only a
qualitative characteristic. The analytical signal
obtained by the visual detection of the color
change of GFE samples (IFCS-I) allows only
to note the moment of “breakthrough” of toxic
chemisorptive (SO,). The comparison of indi-
cator systems by the intensity of color change to
choose ones that are more suitable for practical
use can be only made at the qualitative level.

Besides this, digital colorimetry in aqueous
solutions and on different surfaces is use in
addition to spectrophotometry to solve diffe-
rent chemical and analytical problems [7-12].
However, there is no theoretical basis today for
the development of indicator chemisorbents
of acid gases such as sulfur dioxide. Therefore,
the aim of this work to determine the peculiari-
ties of colorimetric behavior of IFCS-I during
“response” to SO,. In view of this, this paper
presents data on the colorimetric assessment
of IFCS-I’s based on hexamethylenetetramine
(IFCS-HMTA-I) [5] and polyethylenepoly-
amine (IFCS-PEPA-I) [4], developed by us ear-
lier, as well as a new IFCS-MEA-EDTA-I based
on a chemisorbent with prolonged action [12],
which contains MEA and a disodium salt of
ethylenediaminetetraacetic acid (EDTA).

EXPERIMENT AND DISCUSSION OF
THE RESULTS. To carry out the research, we
used chemically pure MEA and EDTA “rea-
gent grade”, HMTA “pharmacopoeial”’, PEPA
(CAS 23920-38-5) without pre-purification,
as well as Inds, whose characteristics are listed
in Table 1. As a fibrous carried (FC) we used a
thickness of 2.2 mm and a surface density of
390 g/m?, for filtration.
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IFCS-MEA-EDTA-I. 0,02 g of Ind was dis-
solved in 50 ml of an aqueous solution contain-
ing 0,30 mol/L MEA and 0,02 mol/L EDTA.
The FC was impregnated with the resulting
solution at the rate of 56.3 mL of solution per
10 g of carrier until full suction. The samples
were air dried at 20-25 °C.

IFCS-PEPA-I, IFCS-HMTA-I. The impreg-
nation solutions were prepared according to
[5,6], and the FC was impregnated with them
similarly to IFCS-MEA-EDTA-I

The research was carried out under dynamic
conditions by means of a special gas dynamic
installation, described in [14]. The concentra-
tion of SO, in the gas-air mixture (GAM) was
determined by means of an electrochemical
gas analyzer 667 EKh 10 (Ukranalyt LLC).
IFCS-I was tested under the real use condition
of respirators: SO, concentration in the GAM:
150 mg/m* (MPC), relative humidity of the
GAM: 90-95%, GAM flow rate: 2.0 cm/s. The
breakthrough correspondent to the moment of
appearance of SO, in the purified GAM behind
the layer of material at a level of 1-3 mg/m’
(MPC=10 mg/m’).

The color characteristics of IFCS-I samples
(initial and “responded” to SO,) were estimat-
ed by the method of chemical colorimetry [11]
by processing the data from the flatbed scan-
ner in an A4 black and white multifunction
device (HP Laser 13) using the True Color
mode (16.5 million color shades), optical reso-
lution 600 dpi (increasing the resolution to
1200 dpi gave no improvement of image char-
acteristics). The averaged values of the R, G, B
characteristics of samples under investigation
were determined using the on line program
IMGonline [15]. The following colorimetric
functions were used: X, Y, Z (color coordinates
in the system CIEXYZ), L, A, B (color coor-
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dinates in the equal contrast system CIELAB),
color saturation (S), color tone (T), full color
difference (AE.), yellowness (G), calculated
according to [6]; relative whiteness of samples
(W) and intensity of yellow hue (Ky) [12].

As analytical signals of “response” of IFCS-1
samples we also used effective absorption in
the red (A,), green (A ), and blue (A)) ranges,
whose values were calculated from formulas
similar to those in [16]:

A, =-1g(R/R); (1)
A, =-1g(G/G); (2)
A, =-1g(B/B), 3)

Where R, G, B, are the color coordinates
of initials samples; R, G, B are the color coor-
dinates of “responded” samples. The values of
total absorption (A,) and color ratio (CR) were
determined similarly to [16]:

AT:AR+AG+AB;
CR=R/R +G/G + B/B,

4)
(5)

The color sang colorimetric RGB charac-
teristics for original IFCS-I samples and those
that “responded” to SO, are listed in Tables 2
and 3.

Results and discussion

According to the data obtained (Tables 2,3),
the color of original IFCS-I samples depends
largely not only on the structure of Ind, but
also on the nature of Am, which are part of
them. The presence of Am in original IFCS-I
samples causes the basicity of their surface:

Am+H,0 7 AmH'+ OH, ©)

which causes coloring. However, the color

of samples based only PEPA (Ind = TrOO,
TrOOO, BCY, BCP, BXB, BPB, BPR and CrR)
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and some MEAs (Ind = BXB) and HMTAs
(AL, BXB) is similar to that of aqueous alka-
line solutions (Table 1,2). The difference of the
color of the other samples from that of aqueous
alkaline solutions with the same Ind is appa-
rently due to specific interactions between am-
monium cations and anionic forms of dyes.
IFCS-MEA-EDTA-I

The chemisorption of sulfur dioxide by IF-
CS-MEA-EDTA-I samples takes place only
in the presence of “free” water. In this case,
“ammonium” sulfites, hydrosulfites and pyro-
sulfites are formed as a result of acid - base in-
teraction [17,18]:

SO, +nH,0 ” SO,H,0 + (n-DH,0, (5

SO,H,0 + 2HOCH,CH,NH, -

[HOCH,CH,NH,] SO, ®

[HOCH,CH,NH,],SO,+ SO, H,0 ”  (9)
2[HOCH,CH,NH,]HSO,,

2[HOCH,CH,NH,JHSO, + (n-2)H,0 o,

- [HOCH,CH,NH,] S,0. + (n-1)H,0.

Comparison of the data presented in [13]
shows that the presence of EDTA in IFCS-I
samples determines the degree of “response” of
MEA to SO, owing to the deeper transforma-
tion of the latter with increasing the fraction of
hydrosulfites and pyrosulfites similar to [18].
The colors of “responded” IFCS-MEA-EDTA-I
samples, like IFCS-PEPA-I and IFCS-HMTA-I,
differ from the same properties of aqueous
solutions of Bronsted acids (Tables 1,2)

Table 1
Characteristics of acid-base indicators
& =
£ 2w | ¥E%
= s = = -
Name § Structure pK, E 8 5 %: S 2
2 e8| 58382
) —= hae
= € | 3¥F
1 2 3 4 5 6
Azolitmine AZ HNYN/ 6,4 [20] 4,5-8,3
©/N\/\1:O
Anthraquinone dye
Alizarin AL O OH 6,0; 12,5 5,5-6,8 yellow -
OH [21] 10,1-12,1 dark pink
O‘O dark pink -
purple
O
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Table 1
1 | 2 | 3 | 4 | 5 | 6
Azine dye
Lacmoid LA HO OH 5,31 [19] 4,4-6,4
O L
N
LD
H,N o 0
Azo dyes
Methyl Orange MO \ 3,1-44  red -
/N‘Q*N:N‘Q*S%Na orange-yel-
low

Methyl Red MR \ 4,4-6,2  red - yellow
N—<: :>—
/

o
Tropaeolin O  TrO -0,8 (4-SO,H)  11,0-12,7 yellow - red

N=N
HO
OH
0,5 (-N=N-)
HO N=N@SogNa 6,5 (2-OH)

12,0 (4-OH) [21]

Tropaeolin OO TrOO H -0,6 (4’-SO3H) 1,3-3,2 red - yellow
N@—N=NOsoaNa 0,8 (-N=N-)

2,0 (-NH-) [22]

Tropaeolin TrO00 -0,7 (4-SO,H)  7,4-8,6  amber -
000 HON:N‘QSoaNa 2,0 (-N=N-) 10,2-11,8 orange

8,5 (2-OH) [23] orange -
O red

Congo Red CoR 3,0 3,0-52  yellow blue-
O 4,1 red - purple
(22]

N,
N N\\
N
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Table 1
1 | 2 | 3 | 4 E 6
Triphenylmethane dyes
Bromocresol BCG Br Br 0,3 (=0OH") 3,8-5,4 yellow -
green 4,6 (4-OH) [21] blue-green
Bromocresol BCP 0,4 (=OH") 5,2-6,8 yellow -
purple 6,5 (4-OH) [21] purple

Bromoxylenol BXB

-1,5 (=OH") [23] 6,0-7,6 yellow -

blue 6,80 (4-OH) [24] blue
Bromophenol BPB 0,3 (=OH") 3,0-4,6 yellow -
blue 4,0 (4-OH) [21] blue-violet
Bromophe- BPR 0,5 (=OH") 3.2-6,8  vyellow -
nol red 6,5 (4-OH) red
[21]
40 ISSN 2708-129X. VKp. Xim. XypH., 2022
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Table 1
I [ 2 ] 3 | 4 | 5 | 6
Bromothy- BTB Br Br 0,5 (=OH") 6,0-7,6  yellow -
mol blue HO o 6,9 (4-OH) blue
Sl
_—
NaO,S O
Cresol red CrR HO o 1,5 (=OH") 0,2-1,8  red - yel-
O ‘ 8,1 (4-OH) 7.0-88  low
= [21] yellow
- red-
dish-pur-
ple
Xylenol or- X0 -1,1 (=OH") 6,4-10,4  vyellow -
ange 6,4 (4-OH) orange-red
[21]
Xylenol blue  XB 1,5 (=OH") 1,2-2,8  1ed -
9,5 (4-OH) 8096 yellow
[21] yellow -
blue
Phenol red PR 1,2 (=OH") 6.8-8:4  yellow -
8,4 (4-OH) red
[21]
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Table 2
Color of samples IFCS-I

Initial | “Responded”

Ind

Am

MEA PEPA HMTA MEA PEPA HMTA

AL
LA

MO

MR

TrO

| | II |
2 Wi

b

Lo

¥

b

TrOO

TrO00

CoR

BCG

BCP

BPB

BPR

BTB

A A

CrR

XO

[ ATE T O
[lr oy e s
T O

XB

PR

1| B 3
i
4 i
|

i { e 0 -
i (TR Y
B g 1T d A

The color version of the table can be viewed in the online version of the journal https://uc;j.
org.ua/index.php/journal

Abbreviation Ind see Table 1

MEA - monoethanolamine; HMTA - hexamethylenetetramine; polyethylenepolyamine -

PEPA
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For IFCS-MEA-EDTA-I samples with tri-
phenylmetane dyes, the colorimetric charac-
teristics X, Z, AS and A, change symbately
with the pH values of the lower limit (pH,) of
Ind color transition:

X =-5572+13,11-.pH ; R*=0,9304; (11)
n = 6 (except BXB),

AS =-18270 + 2952-pH ; R* = 0,9640;  (13)
n = 6 (except BCG),

A,=-1,663 +0,2168-pH ; R* = 0,8957; (14)
n = 6 (except BXB),

And G, AS and A X with pK O values:

G =-486,7 + 77,06-pK, s R = 0,9468; (15)
n = 6 (except BPR),

AS = -21290 + 2966-pK,  ; R? = 0,9696; (16)

n = 6 (except BCG),
A, =-1,746 + 0,1969-pK,  ; R? = 0,8354; (17)
n = 6 (except BXB).

The indicates that during the chemisorp-
tion of sulfur dioxide by the above IFCS-I
samples, the color change of their surface oc-
curs by the Bronsted mechanism in a weak
acid medium.

During the chemisorption of SO, by IFCS-
MEA-EDTA-I samples based on azo indica-
tors, the color change of their surface occurs
apparently through acid-base interactions be-
tween sulfur (IV) oxyanions and azo dyes as
well similar to [25].

IFCS-PEPA-I

The above- described coloring of initial
IFCS-PEPA-I samples with azo dyes in accom-
panied by the following: yellow ness changes
antibately to and relative whiteness symbately

44

with the pH values of the upper limit (pH,) of
Ind color transition:

G0 =266,7 — 12,81-pH2; R?=0,9286; (18)
n=>5,

Woz 34,19 + 2,441-pH2; R?=0,9584; (19)
n=>5.

Taking into account the data presented in
[18], the chemisorption of sulfur dioxide by
the above samples under static and dynamic
condition (takes place in the presence of “free”
water too) stops at the stage of formation of
polyammonium sulfites:

2NH,(CH,CH,NH) H + (n+1)SO, + (n+1)H,O
— [NH,(CH,CH NH,) H] (SO,)

In this case, the following relations are ob-
served:

n+1*

W = 82,14 +0,572-pH; R = 0,9381;  (21)
n=>5,

AE, =101,3 - 1,524-pH; R = 0,8574; (22)
n=>,

AW = 47,95 - 1,869-pH ; R> = 0,9312;  (23)
n=>.

The aforesaid indicates the stabilization of
azo indicators by PEPA molecules and their
ammonium cations in terms of the occurrence
of redox reactions. The color change in this
case occurs by the Bronsted mechanism.

IFCS-HMTA-I

The chemisorption of sulfur dioxide by
IFCS-HMTA-I samples occurs through con-
densation (accompanied by the oxidation S(IV)
— S(VI)), which involves the acid-catalyzed
hydrolysis of HMTA to form aminometha-
nesulfonic acid (AMSA) [26]:

ISSN 2708-129X. VKp. Xim. XypH., 2022
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N,
O
( D + 480, + 6 H,O 4H3I4\-I/\/S/<_ (24)
NN 4 o

In this case, the colorimetric characteris-
tics G, and Kg_ of “responded” IFCS-HMTA-I
samples (Ind = triphenylmethane dyes) change
antibately to pH values:

G,=290,7 - 40,74-pH ; R? =0,9236; (25)
n =4 (except BPB)
Kg =250,5-36,061-pH ; R*=0,9786;  (26)

n = 4 (except BPB)

This indicates the formation of ion associ-
ates between AMSA zwitterions and the ani-
onic forms of the above indicators.

With increase in the pH values of the color
transition limit of azo indicators for HM-
TA-based IFCS samples, AS decreased (unlike
IFCS-MEA-EDTA-I samples with triphenyl-
metane dyes):

AS =-93,78 - 364,7~pH2; R?=0,9976; (27)
n=4,

AS =-812,5 - 347,5-pH1; R?=0,9792; (28)
n=4.

CONCLUSION. During the “response” of
[FCS-I samples to SO, their decoloration takes
place (Table 2,3) as indicated by the positive
values of W and negative values of A,. As the
analytical signal of the “response” of IFCS-I
samples we chose the amount of total absorp-
tion whose absolute value for IFCS-MEA-ED-

https://ucj.org.ua

TA-I, IFCS-PEPA-I and IFCS-HMTA-I de-
creased in the orders of indicators:

MR > TOOO > MO ~ BXB > BCG > BPR >
BCP >TOO >LA >XO >AZ>BTB>TOO;
T0~ BCG > BPB > TOO > BXB > BTB > XB

> CoR >TOOO > XO > BCP > CrR > BPR;

BXB > TOOO > XO > CoR > BTB > BPB >

LA >TO > AL > PB.

respectively.

Thus, the specificity of change in the colo-
rimetric function of indicator impregnated
fibrous chemisorbents during the absorption
of SO, by then has been established. The color
change of IFCS-MEA-EDTA-I samples with
triphenylmethan dyes occurs by the Bronsted
mechanism and that of azo indicators through
redox reactions with sulfite compounds. The
PEPA molecules and their ammonium ca-
tions in IFCS-I stabilize azo indicators up to
the above redox transformations. For deeper
conclusions, an additional study of behavior
in SO,-Am-Ind-H,O model system is need-
ed, which will be the subject of our future re-
search.
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Y po6oTi HaBeeHO pe3y/IbTaTH JOCTI/KEHb
0COO/MMBOCTEN KOTbOPOMETPUYHOI OBEiHKI
iMIperHoBaHMX BOJIOKHUCTIX XeMOCOPOEHTIB
(IBXC) xmcnux rasis i3 BisyanbHoIO ifeHTH}I-
KaI[iel0 MOMEHTY «CIpal[bOBYBaHH» JVHA-
MivyHOI nornuHanbHol eMHOCTI (IBXC-I) mpn
HOIIMHAHHI Jiokcuay cipku. XemocopOeHTH
oflep>KaHi IIAXOM IMPOCOYYBAaHHA BOJIOKHU-
CTUX HOCIIB BOJHMMU po3urHaMy N-BMicCHUX
OpraHiuHux ocHOB (Am), 1O CKIay AKUX JJ0-
[laBajiv KUCTIOTHO-0CHOBHI iHAnkaropu (Ind).
SIk 06’ekTV HOCTiKEHb BUKOPUCTOBYBAJIN
IBXC-I Ha OCHOBi rekcaMeTWIEeHTEeTpaMiHy
(IBXC-HMTA-I) Ta mnomieTnneHnomiaminy
(IBXC-PEPA-I), a Takoxx IBXC-MEA-EDTA-I
Ha OCHOBI MoHoeTaHonaminy (MEA) Ta mm-
HaTpi€eBOI COJIi  €TMIEH[iaMiHTETPOLTOBOL
kucnotn (EDTA). dx KMCIOTHO-OCHOBHI iH-
AMKaTopy OY/I0 BUKOPUCTAHO HACTYIIHI: a3o0-
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mit™iH, amizapuH (AL), makmoin, MeTHIOBUI
OpaH)XeBUIl, MeTU/IOBUIT 4YepBOHMIL, Tpore-
onin O, Tpomneonin OO (TrOO), Tpomneonin
00O (TrOOO0), koHro yepBoHUI1, 6POMKpe-
sonoBuit 3enernit (BCG), 6pomKpe3onoBuit
nypnyposuit (BCP), 6pokcuieHonoBumit cuHii
(BXB), 6pomdenonosuit cuniit (BPB), 6pom-
¢denonosuit yepsonuit (BPR), kpesomosmit
yepBoHMit (CrR), KCumeHONMOBMIT OpaH>KeBMIL,
KCUJICHOJIOBMII CHHINl Ta (eHOMOBUIT 4epBO-
HWit. BusBieno cnenngiky smiHn konmbopomer-
prunyx ¢ynkuiit IBXC-I mig yac mornmHaHHA
Humu SO,. BcranoBneHo 1o 3abapBrieHHs
BuxigHux 3paskiB IBXC-I cyrreBo sanexurnb
He jure Bif Oymosy Ind, a i1 mpupogu Am,
III0 BXOZATD [0 IXHBOTO CKIafAy. 3abapBieHHS
3paskiB Ha ocHoBi /mmuie PEPA (Ind = TrOO,
TrOOO, BCG, BCP, BXB, BPB, BPR Ta CrR) Ta
nessknx MEA (Ind = BXB) i HMTA (Ind = AL,
BXB) mognibHe mo 3abapBieHHS BOJHUX PO3-
4yHiB /1yriB. BigMiHHiCTD 3ab6apBreHHs pel-
TY 3pa3KiB Biff 3a0apB/IeHHsI BOTHNX PO34YMHiB
nyriB 3 ogHuMu i tMu X Ind cnpuunHeHa
crieruiyHNMY B3aEMOAIAMY MK aMOHITHU-
MU KaTiOHaMM Ta aHiOHHUMU GopmaMu OapB-
HUKiB. 3a0apB/ieHHsS «CIIPAllbOBAHUX» 3pa3-
KiB IBXC-MEA-EDTA-I, sk i IBXC-PEPA-I Ta
IBXC-HMTA-I, mo SO, BinmiHHi Big Takux e
B/IACTUBOCTEl BOJHUX PO3YNHIB OPEHCTENOB-
CBKMX KUCIOT. 3MiHa 3abapB/ieHHs 3pasKiB
IBXC-MEA-EDTA-I 3 TpudeHninmeraHoBUMI
OapBHMKaMM IPOTIKa€ 3a OPEHCTENiBCHKMM
ME€XaHi3MOM, a30-iHAMKATOpiB — 3a paxyHOK
OKJICHO-BITHOBHMX peaxiii i3 cynbgiTHuMI
cnionykamu. Monexkynu PEPA Ta ixHi aMmonieBi
Kationu y cknapni IBXC-I crabinisyrors a3o-in-
IVIKaTOPY /IO BKa3aHMX PEOKC-TIEPETBOPEHb.

KnrodoBi cmoBa: KonmbopoMeTpis, BONOK-
HUCTi XeMOCOPOEHTH, TiOKCUJL CipKu, KICIOT-
HO-OCHOBHI IHJMKaTOPN.
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