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Abstract

Activated carbon of surface area 1108/gm is impregnated with 4% sodium hydroxide plus 3% Cr(VI) as £n@h and without 5%
ethylene diamine (EDA), 4% magnesium nitrate and 5% ruthenium chloride by using their agueous solutions. These carbons are characterized
for surface area analysis by BET conventional method and exposed to the vapours of sulphur mustard (HD) at room tempe@ture (30
After 24 h, the reaction products are extracted in dichloromethane and analyzed using gas chromatography and mass spectrometry (GC-MS).
Hemisulphur mustard, thiodiglycol, 1,4-oxathiane are observed to be the products of reaction between sulphur mustard and MaOH/CrO
system, whereas on NaOH/G#fBDA/C system HD reacted to give 1,4-thiazane. On Mg§{N(T system it gave hemisulphur mustard and
thiodiglycol. On RuC}/C system it degraded to divinyl sulphone. Residual sulphur mustard is observed along with reaction products in all
systems studied. Reaction mechanisms are also proposed for these interesting surface reactions. Above-mentioned carbons can be used
filtration systems for protection against hazardous gases such as sulphur mustard.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ysisorbed vapours by chemical reactipdis In order to make
the carbon reactive towards non-persistent CW agents, metal
Adsorption being the process of choice for the removal salts are impregnated and impregnated carbons are obtained.
of hazardous chemicals from contaminated environrfidnt ~ ASC whetlerite[5] is one such impregnated carbon which
adsorbent such as activated carbon is most widely usedis used in NBC filtration systems for the reactive removal
in filtration systems for the purification of polluted air of hydrogen cyanide, cyanogen chloride and phosgene, etc,
and water streamp,3]. Air purification includes mainly [6]. This impregnated carbon contains Cu(ll), Cr(VI) and
physical adsorption, chemical detoxification/degradation and Ag(l) metal ions in the form of their salts on its surface.
chemisorption. Involvement of these processes depends upomhese metal ions play important role in chemical degradation
physical and chemical properties of toxic chemicals to be re- of HCN, CNCI, COC}, etc.[7-21]. Of these toxic chemi-
moved. For example, physical adsorption is the operating cals, the degradation of cyanogen chloride depends upon the
principle for high molecular weight, low volatile chemicals, amount of chromium present as Cr(VI) on impregnated car-
in filtration systems. For the non-persistent chemical warfare bon. Due to weathering, aging, exposure to high temperatures
gases (CW agents), a reactive carbon is needed, which carand storage for long time, chromium(VI) reduces to Cr(lll),
perform two activities; one is physical adsorption of the nox- and obviously efficiency of the adsorbent diminisfis-24]
ious chemicals and second one is the degradation of the ph+urther reasons for this may be deactivation of the active cat-
alyst ingredient and the drastic reduction in surface area due
— ) _ to the formation of large crystallites which further causes de-
Devir?;’grgsgtﬁ”f;gz’%’i;zgxazraezzgzgggfe:ﬁaﬁ ; Sr'aKdeF;ﬁsli?j’i:Z'Z/ 1'193'§ctivation of catalyst due to the dissolution of active species
Tel.: +91 662531730. in water present in the adsorbent surface. However, the ef-
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adsorption. Nevertheless, the reactions of many gases on imical warfare agents. Attempts are, therefore, made to prepare
pregnated carbons are strongly influenced by the presence oéuch carbons by impregnating active carbon of high surface
water [25]. Hall et al.[26] studied the hydrolysis reaction area with NaOH plus Cr§ NaOH plus CrQ@ plus ethylene-

of perfluoro isobutylene on charcoal. Perfluoroisobutylene diamine (EDA), Mg(NQ)2-6H20, RuCk-3H20. These im-

[27] is hydrolysed as per the following reaction to hexafluoro pregnated carbons are used for studying detoxification reac-
isobutyric acid and hydrofluoric acid. tions of sulphur mustard on their surface.

(CF3),C=CF, + 2H,0O — (CF3),CHCOOH+ 2HF

Recently, Gall Robin Damico reported28] the 2. Experimental
detoxification reactions of thioether (mustard analogue) with
polyoxometallate on carbon supports. Singh ef29] also 2.1. Materials
studied the reaction of thiodiglycol (a hydrolysis product of
sulphur mustard) on impregnated carbon. 1,4-Oxathiane and Activated carbon of surface area 110&giof coconut
1,4-oxathiane, 4-oxide were characterized as reaction prod-shell origin, particle size 12 30 CSS was procured from Ac-
ucts and proposed reactions are as follows: tive Carbon India Ltd., Hyderabad. Sulphur mustard of purity
CHiCHOH  Dehydration CHyCH, more than 99% was obtained from process technology de-
1. s< s< ;O velopment division of our establishment. Dichloromethane,
CHaCH;0H L e AR grade, NaOH, RuGI3H0, Cr0z, Mg(NOs)2-6H,0 and
ethylenediamine were obtained from E. Merck, India.

CHaCH, _ Catalytic oxidation 0 CHZCH?\O 29 | ted b
. >0 ———c * =S\ eron’ .2. Impregnated carbon
CH,CHy' in presence of Cr(VI) . .
Cg:;ziessrbed I4-oxathiane 4-oxide Activated carbon was impregnated with aqueous solu-
tions of NaOH (4%), Cr(VI) oxide (3% Cr(VI)), EDA (5%),
CHaCH,_ St Mg(NO3),-6H,0 (4%) and RuG-3H,0 (5%) (Table ). In-

Cr0,2 + 0=
O —— € O 0=g__

F 200 Schycry”

CHycHy” cipient wetness technique was used for impregnation. These

impregnation experiments on active carbon were carried out

at room temperature by slowly mixing above solutions and
Karwacki et al.[30] also studied thermal desorption of activated carbon. Obtained metal impregnated carbons were

sulphur mustard from active carbon. It is evident that the dried at 110°C for 6 h and stored in air tight bottles.

chemical degradation, of toxic chemical on carbon is receiv-

ing renewed interest and attention of chemists and opens a.3. Estimation of impregnants

new field for the development of adsorbent suitable for in situ

degradation of persistent chemical warfare agents. Chromium was extracted in basic media from carbons and
It is also interesting to note that an effective protection is estimated iodometricall{81]. Magnesium was extracted as

achieved against the blood and choking agents by chemicallyMgCl; using hydrochloric acid and estimated by EDTA titra-

destroying them on impregnated carbons. On the other handtion [32]. NaOH was extracted by boiling carbon in distilled

protection against persistent CW agents such as blister agentwater and estimated by titrating with dilute hydrochloric acid,

and nerve agents is achieved based on physical adsorption. iwhereas, RuGlwas extracted by using hydrochloric acid and

is feltthat these physisorbed CW agents may desorb and crosestimated by spectrophotometric mettjdd).

contaminate the environment if the used filtration systems

(NBC canisters and filters) are left/thrown carelessly or are 2.4. Surface area analysis

not disposed off properly. This situation needs a reactive car-

bon which can degrade persistent agents, in situ in filtration  Impregnated carbon and unimpregnated carbons were

systems. It, therefore, requires the development of suitablecharacterized for surface area (NBET) using Gemini

impregnated carbon which can degrade such persistent chem2765 surface area analyzer (Micrometrics, USA). Micropore

1.4-oxathiane,4-oxide

Table 1

Recipe of impregnants and systems prepared

S.no Amount of impregnant loaded on carbon (wt.%) Impregnated carbon Surface area Micropore
(m2/g) (N2BET) volume (ml/g)

1 NaOH (4%) CrQ (3%Cr(V1)) NaOH/CrQ/C 912 0.53

2 NaOH (4%) CrQ (3%Cr(VI)) EDA (5%) NaOH/CrQ/EDA/C 855 0.50

3 Mg (NOs)2-6H20 (4%) Mg(NGs)./C 866 0.50

4 RuCk-3H,0 (5%) RuCs/C 950 0.52
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Table 2 Probable reactions are given below.
Reaction products and GC-MS data
: CH,CH,Cl  NaOH/CrO,/C CH,CH,OH
System Reaction products  nvzvalues 1. ; s + NaCl
NaOH/CrQy/C Hemisulphur mustard ~ 140/142, 109/111, 73, 45 CH,CH,CI ~ Hydrolysis " CH,CH,CI
Thiodiglycol 122,104, 61, 43 Hemisulphur mustard
1,4-oxathiane 104, 74, 46, 15
NaOH/CrQ/EDA/C  1,4-thiazane 117, 1083, 88, 75, 57, 45 CH,CH,OH NaOH/CrOS/C CH.CH.OH
Mg(NO3)»/C Hemisulphur mustard ~ 140/142, 109/111, 73,45 , g : 7 2 +NaC
Thiodiglycol 122,104, 61, 43 “CH.CH.CI Hydrolysis ™CH,CH,OH
RuCk-3H,0 Divinyl sulphone 75, 47,27 272 Thiodiglycol
. . - . CH,CH,OH , CH,CH,
volume was determined using Dubinin equation. The results3 s’( 2me Dehydration s~ ;
are described iffable 1 ' ¥
“CH,CH,OH CH,CH,

1,4-oxathiane

2.5. Apparatus for adsorption of sulphur mustard ) ]
Probably reaction proceeds as described above where HD

Impregnated carbons were exposed to the vapours of HD_hydron_zed first an_d then the reSL_JIted product convert_ed into
under static conditions. For these adsorption experiments,itS ¢yclic product, i.e., 1,4-oxathine, due to dehydration on
0.5 g of carbons were taken in gooch crucibles and placed inthe surface of impregnated carbon.
an atmosphere of HD, which was created in a desiccator. The _ )
desiccator was kept at room temperature°@punder the ~ 3-2-2. (b) Reaction of HD with Mg(Ng carbon system
sorption conditions (partial pressure of HD was notmeasured ~ M9(NOz)2/C system reacts with HD to give two reaction
in these experiments). Moisture free air was not used for this Products, i.e., hemisulphur mustard and thiodiglycol. Prob-

purpose. The samples were taken out after 24 h of exposure?bly, HD molecules are expected to be chemisorbed on im-
to HD at ambient temperature. pregnant inside the porous structure. The chemisorbed HD

reacted with water molecules that were present surrounding
the impregnant in adsorbent and hydrolyzed to give hemisul-

2.6. Characterization of reaction products >Y
phur mustard and thiodiglycol.

Reaction products were extracted from impregnated car- _CH,CH,CI Mg(NO,),/C _CH,CH,OH
bons using dichloromethane and analyzed by GC-MS of 1- s + H0 . S.. + HCl
Hewlett Packard 5739 equipped with BP5 column of 30 CH,CH,CI Hydrolysis Hem?;ﬁcr:' Jrcrlnustar g
feet length 0.33 mm i.d. using a temperature program. The P
GC-MS data are given ifiable 2 N SKCHonon Ho Mg(NO,),/C S/CHQCHQOH + Hol
_ _ “CH.CH.CI Hydrolysis ““CH,CH,OH
3. Results and discussion 22 Thiodiglycol

The impregnated carbons are characterized for surface
area and micropore volum@&dble J). The results show that 3.2.3. (c) Reaction of HD with NaOH/CHEDA/C
the surface area and micropore volume decrease after im-systems
pregnation. This observation can be attributed to the factthat NaOH/CrQ/EDA/C system reacts with HD to give 1,4-
the Nb molecules could not enter the pores as some pores arghiazane. Probably, reaction follows as given below.
blocked by the impregnant material. NaOH/Cr0 /EDA/C CH,CH,
+NH; o ~NH
-2HCI S.
CH,CH,
1.4 - thiazane

_CH,CH,CI

S
3.1. Reaction products “CH,CH,CI
The reaction products and mass-to-chargi)(ratio val-
ues of the molecular ions produced when the reaction prod- Continuous ammonia evolution was observed from the
ucts were subjected to GC-MS analysis are illustrated in system studied indicating that the system decomposes on
Table 2 All the prepared systemddble ) were found to storage. This evolved ammonia probably reacted with HD
be giving the reaction products. to give 1,4-thiazane.
3.2. Reaction mechanisms 3.2.4. (d) Reaction of HD on RugaH,O/C systems
RuCk3H,0/C system reacted typically to oxidize the HD

3.2.1. (a) Reaction of HD with NaOH/CHIC system
Sulphur mustard reacted with NaOH/G/G system to

to give divinyl sulphone. Probably, HD molecules in the pres-
ence of chemisorbed oxygen oxidized to sulphoxide, which

give hemisulphur mustard, thiodiglycol and 1,4-oxathiane. further converted into divinyl sulphone. Proposed reaction is
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described as follows:

0 CH,CH,CI
/CH20H2C| RuCl;/C \ J/ 2>
S +2C(0) C—> P S +2C
Chemisorbed 0] CH,CH,CI
CH,CH,CI Oxygen
Sulphur mustard HCl
-HCI f0) —
O CH=CH CH=CH;
\S/ 2 ——— \s/
: N

divinyl sulphone
Moreover, no reaction product however was extracted
from HD exposed active carbon.

[6] R.E. Wilson, J.C. Whetzel, Impregnated carbon for use as gas ad-
sorbent, Chem. Abstr. 19 (1925) 564.

[7] AJ. Jallmand, R. Chaplin, Adsorption of hydrogen cyanide and car-
bon dioxide at low temperature by activated carbon, Proc. Roy. Soc.
A 132 (1931) 460-479.

4. Conclusion [8] D.H. Moreau, Activated carbon for purification of toxic atmospheres,
Chem. Abstr. 72 (6) (1970) 58838.
Impregnated carbons such as NaOH/€fQ) NaOH/ [9] Z. Barnir, C. Aharoni, Adsorption of cyanogen chloride on impreg-
CrOs/EDA/C, Mg (NG3)2/C and RuGd/C reacted with HD nated carbon, Carbon 13 (5) (1975) 363-366.

: : : : 10] F.A.P. Maggs, Respiratory protection against hydrogen cyanide,
to give various reaction products such as hemisulphur mus-|
9 P P Chem. Abstr. 84 (1979) 168895.

tard, tthdIegCOI, 1,4-oxathiane, 1,4-thiazane and d'V'nyI [11] C.T. Chiou, P.J. Reucroft, Adsorption of phosgene and chloroform

sulphone. The system RUWIC only seems to be the suit- by activated carbon and impregnated carbon, Carbon 15 (2) (1977)
able adsorbent for in situ degradation of HD in filters as the 49-53.
reaction product is non-toxic. System NaOH/GHEDA/C [12] P.J. Reucroft, C.T. Chiou, Adsorption of cyanogen chloride and hy-

o : : . drogen cyanide by activated and impregnated carbons, Carbon 15
could also be utilized but it decomposes and loses its effi (5) (1977) 285.290.

ciency for HD degradation. The other two systems gave the [13] C. Aharoni, Z. Barnier, Efficiency of adsorbents for removal of
toxic hemisulphur mustard as reaction product thereby mak- cyanogen chloride, J. Am. Hyg. Ind. Assoc. 39 (4) (1978) 334—
ing them not suitable for HD degradation. More works needs 339.

to be done to evolve and develop for in situ degradation of [14] G.B. Freemann, P.J. Reucroft, Adsorption of hydrogen cyanide and

rsistent chemical warfar nt in all the studi g-  water vapour mixtures by activated and impregnated carbons, Carbon
persistent chemical warfare agents as e studied sys- ;7 1) (1979) 313-316.

tems residual HD was observed. [15] E.G. Poziomek, R.P. Barret, R.A. Mackay, ESR a quantitative tool in
studying reactivity of copper/chromium/silver impregnated charcoals,
Carbon 13 (4) (1975) 259-262.
[16] J.A. Baker, E.J. Poziomek, Effect of amine treatment on the chemical
Acknowledgments reactivity of copper/chromium/silver impregnated charcoals, Carbon
13 (4) (1975) 347-348.

The authors thank Dr. R.V. Swamy, Er.K. Shekhar, Dr. B.S. [17] E.G. Poziomek, R.P. Barret, R.A. Mackay, ESR a quantitative tool in

Batra and Dr. M.V.S Suryanarayana and R.K. Srivastava of studying reactivity of copper/chromium/silver impregnated charcoals,
A Y Ext. Abstr. Prog. Bienn. Conf. Carbon 12 (1975) 179-180.

our establishment for tlmely help. [18] R. Stostak, A.H. Weiss, A. Sacco, EDX analysis of whetlerite, Ext.
Abstr. Prog. Bienn. Conf. Carbon (1983) 373-374.
[19] M.M. Ross, R.J. Colton, V.R. Deitz, Study of whetlerite surfaces by
X-ray photoelectron spectroscopy, Carbon 27 (3) (1989) 492-494.
References [20] M.M. Ross, V.R. Deitz, Thermal desorption, tandem mass spectrom-
etry of whetlerite adsorbents, Carbon 28 (1) (1990) 229-231.
[1] L.A. Jonas, J.A. Rehrmann, Predictive equations in gas adsorption [21] S.G. Chatterjee, C. Tien, Retention of toxic gases by modified carbon

kinetics, Carbon 11 (1973) 59-64. in fixed beds, Carbon 28 (6) (1990) 839-848.

[2] G.O. Wood, J.F. Stampfer, Adsorption rate coefficients for gases and [22] P.N. Krishnan, S.A. Katz, A. Birenzvige, H. Salem, Role of
vapours on activated carbon, Carbon 31 (1) (1993) 195-200. chromium in ASC whetlerite, Carbon 26 (1988) 914.

[3] B. Singh, S. Madhusudanan, V. Dubey, R. Nath, N.B.S.N. Rao, Ac- [23] P. Ehrburger, J. Dentzer, J. Lahaye, P. Dziedinl, R. Fangeat, Thermal
tivated carbon for removal of toxic chemicals from contaminated behaviour of chromium trioxide deposited on carbon, Carbon 28 (1)
water, Carbon 34 (3) (1996) 327-330. (1990) 113-118.

[4] M. Smisek, S. Cerny, Activated Carbon, Manufacture, Properties and [24] L. Zhigang, Z. Mingrong, C. Kuixue, The investigation for the de-
Applications, Elsevier, London, 1970. activation of copper-chromium impregnated carbon by XPS, Carbon

[5] N.A. Noyes, Military problems with Aerosols and non-persistent 31 (7) (1993) 1179-1184.

gases, vol. 1, Division10, National Research Committee Report, [25] C.J. Karwacki, G.A. Stickel, Influence of moisture content on break-
Washington, DC, 1946. through behaviour of perfluoro isobutene, in: Proceedings of the 20th



G.K. Prasad, B. Singh / Journal of Hazardous Materials B116 (2004) 213-217 217

Biennial Conference on Carbon, American Carbon Society, Santa Proceedings of the National Conference on Carbon on Advances in
Barbara, 1991, p. 74. Carbon materials, Indian Scenario, 1999, p. 57.

[26] C.R. Hall, I.W. Lawston, A.M. Tinsley, Protection provided by acti- [30] C.J. Karwacki, J.H. Buchanan, J.J. Mahle, L.C. Buettner, G.W. Wag-
vated carbon vapour filter against perfluorroisobutene, Chem. Ind. 5 ner, Effect of temperature on the desorption and decomposition of
(1989) 145-146. mustard from activated carbon, Langmuir 15 (25) (1999) 8645-

[27] M.C. Beisinger, N.S. Mclintyre, S.J. Splinster, S. Liang, Studies of 8650.
reactions on metal impregnated charcoal; characterization and the[31] B. Singh, S. Madhusudanan, C.G. Padma Kumar, S.R.S. Sachan,
thermal desorption of water, Carbon 35 (4) (1997) 475-482. S.K. Pandey, S. Agarwal, Determination of copper, total chromium

[28] R.D. Gall, Destruction of thioether of mustard analogues by divanado and silver in impregnated carbon, Def. Sci. J. 48 (4) (1998) 365-
decamolybdophosphonic acid, Chem. Abstr. 126 (1997) 224933. 369.

[29] B. Singh, G.K. Prasad, M.V.S. Suryanarayana, S. Banerjee, N.B.S.N. [32] A.l. Vogel, A Text Book of Quantitative Inorganic Analysis, 3rd ed.,
Rao, The reaction of thiodiglycol on metal impregnated carbon, in: The English language Book Society and Longmans, 1961.



	Reactions of sulphur mustard on impregnated carbons
	Introduction
	Experimental
	Materials
	Impregnated carbon
	Estimation of impregnants
	Surface area analysis
	Apparatus for adsorption of sulphur mustard
	Characterization of reaction products

	Results and discussion
	Reaction products
	Reaction mechanisms
	(a) Reaction of HD with NaOH/CrO3/C system
	(b) Reaction of HD with Mg(NO3)2 carbon system
	(c) Reaction of HD with NaOH/CrO3/EDA/C systems
	(d) Reaction of HD on RuCl33H2O/C systems


	Conclusion
	Acknowledgments
	References


