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OPTIMIZATION OF ECOLOGICAL AND ECONOMICAL TASKS AT PROCESSING RAW
MATERIALS OBTAINED FROM LEWISITE REACTION MASSES INTO COMMERCIAL
ARSENIC OXIDE

The paper presents original technical solutions for processing the raw materials obtained
from the lewisite detoxication products into arsenic (111) oxide. Our optimization of arsenic (V)
compounds removal from the system and sodium chloride purification from impurities of arsenic
compounds allow improving the economical and ecological parameters of the whole process of
hydrolyzed sodium arsenite (HSA) conversion into arsenic (111) oxide. Our improvement of cer-
tain technological operations has made possible to optimize the general process scheme.

Key words: processing technologies, hydrolyzed sodium arsenite, arsenic (111) oxide, sodium chloride

In Russia, lewisite is neutralized by means of
high-temperature alkaline hydrolysis to form liquid
reaction masses. The main lewisite stock was at the
storage facility in the Kambarka town (Udmurt Re-
public). In the process of lewisite detoxication, 42,500
tons of such liquid reaction masses have been ob-
tained. Prior to transporting that amount to the Gorny
settlement (Saratov Region), the masses were evapo-
rated to obtain 12,500 tons of dry salts with a trivial
name of hydrolyzed sodium arsenite (HSA). This
evaporated product was manufactured according to
Russian Technical Specification 2622-159-0487202-
2005. This is a complex multi-component system
containing a number of major components, namely:
sodium arsenites and arsenates, sodium chloride, wa-
ter-insoluble substances (mainly bentonite clay), and
other compounds in substantially smaller amounts
(organic arsenic compounds, heavy metal oxides and
hydroxides, etc.). The product’s technical specifica-
tion does not fully reflect such a complex composi-
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tion. Moreover, the actual content of the major com-
ponents is frequently beyond the technical specifica-
tion (see Table 1). The most complete examination of
the HSA properties is presented in [1].

The above factors and the wide variation
range of the major component contents in various
HSA batches make hydrolyzed sodium arsenite a var-
iable-composition raw material. Thus, HSA pro-
cessing requires universal technical solutions capable
of considering all the above factors.

The idea of using the lewisite reaction masses
(both liquid and HSA) as a new type of arsenic-
containing raw material to get commercial products
seems to be evident. Nevertheless, hitherto all main
developments (except for those by Federal Institute of
General Chemical Technology, Moscow [2]) were
principally aimed at utilization and subsequent burial.
However, the electrolysis method of producing ele-
mental arsenic, proposed by the said institute, does
not fully solve the problem of processing relatively
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small volumes of the liquid reaction masses (LRM).
The developers have failed to puzzle out the complex
LRM composition, which has hindered their electrol-
ysis facility to reach its designed capacity with obtain-
ing a product of intended quality.

Table 1
Properties of industrial HSA batches
Tabnuya 1. CBoiicTBa npoMbIlLJIeHHBIX napTuii AHT

Quantity

Sodium . Water- .
Blé\lltCh Arsenite Sodium NaCl, InsolubleTotaIAIkall
0 Arsenate, (as NaOH),

as As,03, WE% wt,% |substanc- WE%

% ' es, wt,% '

10 |13.2+1.3|14.5+1.9 |42.942.1] 0.5+£0.1 | 27.8+3.3
22 |18.1+1.8 |13.3+1.4 [48.4+2.4) 0.7+0.1 | 25.9+3.1
32 [24.0+2.4| 6.4+0.8 [47.1+2.4| 3.5+£0.7 | 24.7+£3.0
38 [19.4+1.9|10.3+£1.3 [49.5+£2.5 6.7+0.7 | 21.9+2.6
1 29.9+1.3| 2.4+0.3 |45.442.8| 2.4+0.3 | 23.1+3.7
228 |23.5+2.5|10.9+1.4 |44.0+£2.6] 1.8+0.2 | 26.2+2.6
548 |26.6+2.7 | 8.8+1.3 |46.7+3.0] 2.3+0.3 | 24.0+2.8
1266 | 24.3+2.5|10.7+1.9 |43.2+2.6| 1.9+0.2 | 27.1+2.3
1603 | 24.9+2.5| 8.3+1.0 |44.3+2.3| 2.5+0.4 | 26.7+3.1
2130 | 23.3+2.1| 7.1+0.9 |48.2+2.7| 2.2+0.2 | 26.8+2.9

The complex HSA composition required the
development of physical-chemical grounds for the
separation processes of the major components, simple
methods of their isolation from HAS, and subsequent
transformation into arsenic (111) oxide and arsenic [3].
Besides, the problem of transforming large amounts
of sodium chloride contained in HSA into a commer-
cial product should be solved. This would eliminate
the need of burying it in disposal areas.

The technical solutions developed by the au-
thors have made it possible to design diverse process
schemes to produce arsenic oxide and elemental arse-
nic [4-5]. They allow processing both HSA and the
initial substance (LRM).

We propose a more efficient, practically zero-
cost method for LRM processing, namely: LRM are
used at the first stage of HSA processing (dissolution)
as a solvent, instead of water. As the LRM possess
the same salt composition as HSA (except unwanted
bentonite clay), their usage increases the content of
arsenic compounds, thus improving the performance
of the process.

It should be noted that attempts were made to
implement the electrolysis method only due to the
enormous expenditures already spent for its design,
hardware support, and starting attempts during six years.

After six years of attempting to run an elec-
trolysis line, the plant was suspended and the LRM
were transported to Kambarka and transformed into
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HSA. This confirms that the complex composition of
these reaction masses makes the problem of their pro-
cessing non-trivial.

Analysis of the arsenic-compound market
shows arsenic (I11) oxide and elemental arsenic to be
the most demandable products. That is why most of
the methods developed for processing the lewisite
reaction masses were directed to obtaining these
products.

The above facts and the wide area of arsenic
(1) oxide application highlight those technologies of
HSA processing which are aimed at obtaining this
product [6-8]. No technical arsenic oxide is currently
produced in the Russian Federation, not to speak of
any refined products which were manufactured in the
USSR in amounts of up to 2,000 tons per year.

The manufacturing capabilities of the Gorny
enterprise can satisfy the entire country’s need in raw
materials for its glass industry, particularly, for mak-
ing special optical glasses and fiber-glass products.

We have developed various schemes for HSA
processing to obtain commercial arsenic oxide [4, 8,
9], as well as methods and equipment for its purifica-
tion [10-11].

Among those, let us highlight the process
from Ref. 4, which allows:

- performing principal operations in solution
under mild conditions;

- providing the block principle of constructing
lines of the technical process, with operations in batch
mode;

- providing independent operation of each
block of the technical process;

- providing the closed-cycle principle for tox-
ic reagents; and

- minimizing the amounts of solid waste and
sewage by designing efficient purification systems.

The present paper deals with more rational
operations of arsenic (V) compound removal when
arsenic (111) compounds are presented in the system,
and those of cleaning sodium chloride solutions from
arsenic impurities; this will improve the economic
performance and increase the environmental safety of
the process developed.

Fig. 1 presents the block scheme of the devel-
oped process of HSA processing into arsenic (I11) oxide.

It should be noted that our technology is
based on the block-module approach. It is obvious
from the block scheme that the process of separating
the complex initial mixture (HSA) into its major
components is based on simple, industrially well-
proven processes, namely: dissolution, filtration,
evaporation, pumping, etc. It is even most important
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that the process is based on the closed-cycle principle
by arsenic compounds, which almost excludes liquid
waste. The implementation of our technical proposals
for purification of sodium chloride solutions from
arsenic compounds makes it possible to manufacture

arsenic oxide of commercial grade, as well as sodium
chloride of industrial grade-highly requested in the
petroleum and chlorine industries.

Now consider more thoroughly the operations
in each module presented in Fig. 1.

Filtrates, washings, condensates

for Solubilization and revivification

eagent of ]mriﬁcatior1 - into As,O,

rr-——————-1--------- L el ol il il hiE
l ! !
I A |
: HSA Water i [ aa A HCI + [ water | 1 4 4 !
1
: | ] |
! ¥ ¥ A4 Ly h 4 |
I BLOCK 1 i BLOCK 3 BLOCK 4 - BLOCK 5 BLOCK 6 BLOCK 7|
! L b filtratel  Filgrate  [AItrA%0 = N [
| Solubilization of ! NaCl boil out xtraction o As, O, As,'()J |
! HSA in water o separation C(AS™)>20-30% As,0,,pH=6,0 repulping drying |
| I 1
: NaCl ! Y !
I NaCl (As i iti
: sozltt,lt;on : | aCl (As impurities) BLOCK 8 As,0, :
I o | 1 ||
1 v l_ I : Module assembly for As,0, AS(V? tech. :
: : I Technical grade production] Separation |
! BLOCK2 | fiygrpte |- - - - - -2 ---2II22--IIIIZIZIIIZIZZoIn
— |Filtration of system 1
1 |
! HSA -H,0 : : i
\ 4 |
1 o
! I BLOCK 9 BLOCK 10 BLOCK 11 :
1
: : 1A Reagent purification "] Adsorption purification > Boil out, drying, |’
: : I of NaCl solution of NaCl packing NaCl :
1
I 1 |
: Waste solids : | HOl HS w ;
: : 1 ¥ NaCl :
' 0]
| | | BLOCK 12 As;S;, As,S, grade Industrial] |
I ] : Me’ oc o| For oxidation C(As)<10* I
: Module assembly : | |
| I ]
! P

filtration of HSA

Fig. 1. A general scheme of HSA processing into arsenic (l11) oxide
Puc. 1. O6mas cxema nporecca nepepadotkd AHI™ B okcun memrbsika (111)

Dissolution and filtration module

Because of its hydroscopicity and tendency to
caking, the starting material (HSA) is grinded to
achieve more thorough extraction of arsenic com-
pounds. Further on, specified amounts of HSA and
water in a 1:1 ratio are introduced into the dissolution
reactor; at the ambient temperature and under contin-
uous stirring for about three hours, a heterogeneous
system is formed, containing a mixture of the dis-
solved arsenic compounds (sodium arsenite and arse-
nate), sodium chloride, and alkali. The component
ratios are chosen on the basis of our preliminary ex-
periments to estimate the sodium chloride solubility
in solutions with arsenic compounds (Fig. 2).
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SNaCh MaCC.%

)
25
(1)
20
()
i (V)

1 1 1 1 1
10 20 30 40 50 60 70 <
Fig. 2. Solubility lines for sodium chloride in equilibrium with
water (1) and the filtrate obtained from various HSA batches:
(1) - batch 10; (1) - batch 1266; (IV) - batch 1
Puc. 2. O6nactu THMHUI pacTBOPUMOCTH XJIOPHAa HATPHsL, HAXO-
nsinerocst B paBHoBecuu ¢ Bojoit (1) u ¢punbTpaTtom, nonydeHHbIM
u3 pasnununbix naptuit AHT: (11)-10 maprust; (111)-1266 naptus;
(1V)-1 maprus
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The solid phase consists of bentonite clay
with the specified absorbed components of the liquid
phase. When equilibrium is attained, the system is
transported into a subjacent settler tank for prelimi-
nary separation. The liquid phase is filtered sequential-
ly through two Nutch filters with filtering panels of
different ratings, which provides a slightly colored but
transparent filtrate to be directed to the next module.

After consolidation, the solid phase is trans-
ferred from the settler to a separate Nutch filter,
squeezed out, rinsed with 20% sodium chloride solu-
tion (to remove residual amounts of arsenic com-
pounds), rinsed once again, and transferred to a burial
area. The rinsing waters are directed to the HSA disso-
lution reactor and, starting from the second cycle, are
used to dissolve a new HSA portion instead of water.

Module for manufacturing technical arse-
nic oxide

The highly alkaline filtrate is transferred to a
reactor for sodium chloride separation. Under con-
stant stirring, concentrated hydrochloric acid (36
wt.%) is added in single portions. Sequential neutrali-
zation of sodium arsenites and arsenates thus occurs
to form dihydro compounds. The course of the pro-
cesses is controlled by the pH of the liquid phase be-
ing formed down to 8.0).

NazAsO; + 2HCl — NaH,AsO; + 2NaCl

Naz;AsO, + 2HCI — NaH,AsO, + 2NaCl

This provides universality of the approach ir-
respective of the filtrate salt concentrations, their pro-
portions and composition variations in HSA batches.

The generated heterogeneous system is trans-
ported from the reactor to a subjacent filter to separate
precipitated sodium chloride and a new filtrate.

The sodium chloride on the filter is rinsed
with 20% NaCl solution and transported to a reactant
purification reactor to prepare a 20-23% solution. The
rinsing water is directed to the HSA dissolution reac-
tor to dissolve new amounts of the raw material. The
filtrate with mixed sodium dihydroarsenites and dihy-
droarsenates, sodium chloride and hydroxide is trans-
ported to an evaporating apparatus and evaporated to
obtain a solution with a sodium dihydroarsenite con-
centration above 25 wt.% and a solid phase of sodium
chloride. The resulting heterogeneous system is trans-
ported to the very filter already used to separate NaCl
during the previous operation; operations similar to
those performed in block 3 are carried out there.

The separated filtrate is transported to the re-
actor in block 5. Under stirring, hydrochloric acid is
added thereto to achieve a pH of 6.0 + 0.2 (irrespec-
tive of the liquid phase variable composition). The
formation (by means of evaporation) of a concentrat-

ed solution of sodium dihydroarsenite allows arsenic
(111) oxide to be isolated almost instantly:

NaH,AsO; + HCI — A8203l+ NaCl + H,0,
contrary to the traditional operations of its synthesis
from more diluted salt solutions, when this oxide pre-
cipitates in 5-40 h after acid addition.

The heterogeneous system formed in block 5
comprises a mixed precipitate of arsenic (l1l) oxide
and sodium chloride; its liquid phase contains sodium
dihydroarsenate, dissolved arsenic (lIl) oxide, and
sodium chloride.

The precipitate is separated on a filter, dried
after repulping (to wash out sodium chloride), ana-
lyzed for the basic matter content, and directed for
further cleaning or packaging. Quality characteristics
of the manufactured technical arsenic (I1l) oxide are
presented in Table 2.

Table 2
Quality characteristics of arsenic (111) oxide obtained
from several commercial product batches
Taéﬂuua 2. XapaKTepncTnKa Ka4dYeCcTBa OKCHU/1a MbIIIb-
sixa (III), mosryyaemoro u3 pa3JiM4HbIX NPOMBIILJICH-
HBIX NAPTHUI NPOAYKUUM

Content of
Batch As,03 the residu_e As,S; | Water Conte_nt of
No content | dissolved in | content | content |chlorides
wt,% |aqueousam-| wt,% | wt,% wit,%
monia, wt,%
10 93.5 2.5 0.15 0.6 1.0
22 94.7 15 0.1 0.5 0.7
32 95.1 2.0 0.18 0.7 1.6
38 93.0 3.0 0.15 0.6 1.8
1 94.5 2.0 0.13 0.5 0.8
228 | 96.0 0.9 0.09 0.8 1.2
548 | 95.7 1.2 0.12 0.6 1.3

Our mass-spectral analysis of the products
has revealed minor metal impurities: V — 79.6; Cr —
47 Mn —2.1; Fe — 227.3; Co—4.1; Ni — 15.4; Cu —
9.1; and Zn — 17.9 pg/kg. This confirms the value of
HSA as a new arsenic-containing raw material and the
efficiency of the operations underlying the process of
arsenic (I11) oxide production.

The filtrate contains a mixture of arsenic (Il
and V) compounds to be separated by means of an
economically expedient way. Because of the presence
of various forms of arsenic compounds (arsenic (1)
in the molecular and anionic forms, and arsenic (V) in
the anionic one), this operation is carried out with a
lanthanum chloride solution to precipitate the anionic
form; this results in the formation of poorly soluble
lanthanum arsenite and arsenate.

The precipitate is separated on a filter and
transported to block 12 for recycling.
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The filtrate contains arsenic (I11) oxide, sodi-
um chloride, and water. To design a closed cycle by
the toxicant (to eliminate any waste-water problems),
the filtrate is transported to the block 4 evaporating
unity and, upon removal of a desired water amount,
joins the filtrate proceeding from block 3 for final
reduction by evaporation.

Purification module for sodium chloride
solution

The sodium-chloride purification reactor is
filled with precipitated sodium chloride and a re-
quired water amount. Specified amounts of lanthanum
chloride and sodium hydroxide solutions are added to
the solution under stirring; sodium hydroxide is added
to maintain the pH within 7.0-7.5. The precipitating
agent removes arsenic compounds as insoluble salts:

NaH2A503 + LaC|3 — LaA803l + NaCl + 2HCl1
NaH,AsO, + LaCl; — LaAsQ,4] + NaCl + 2HCI

(hydrogen chloride is bound with ammonium
hydroxide to produce ammonium chloride).

The purified solution of sodium chloride is
subsequently passed through a column with a special-
ly prepared sorbent (iron oxyhydroxide) to be finally
cleaned from arsenic compounds. Due to toxicant
minimum amounts in the sodium chloride solution,
one portion of the sorbent is enough to clean substan-
tial amounts of the HSA to be processed.

Then, the purified NaCl solution is either de-
livered to the customers as 20-23% solution or sub-
jected to vacuum evaporation to obtain a commercial
product (Table 3).

Table 3

Quality characteristics of our manufactured sodium chloride

Tabauya 3. XapakTepUCTHKA KayeCcTBa N0J1y42eMOro XJIOpuia HaTpust

Batch Index NaCl content, | Water con- Yggﬁ:ggﬂé l;lte Content of sul- | Iron content, |Arsenic content,
wt,% tent, wt,% "I phates, wt,% wt,% wt,%
No wt,%
10 98.1+1.2 0.6+0.1 0.3+0.05 0.040+0.006 0.10+£0.01 | 0.0030+0.0003
22 98.4+1.1 0.440.1 0.1+£0.02 0.030+0.005 0.06+0.02 | 0.0020+0.0002
32 96.8+1.3 0.840.1 0.2+0.03 0.040+0.006 0.05+0.01 | 0.0040+0.0004
38 97.3+1.2 0.7+0.1 0.2+0.03 0.020+0.003 0.07+0.01 | 0.0040+0.0004

The data presented here confirms that the re-
sulting product corresponds to the grade “Sodium
chloride (cooking salt) for industrial consumption”
(Russian Technical Standard 18-11-3-85). It can be
efficiently used in the chlorine industry (due to the
low content of sulfates) or in the petroleum industry
for making drilling muds. But what is even more im-
portant is that technical solutions have been devised
to eliminate the problem of burying contaminated so-
dium chloride by means of transforming it into a
commercial product.

The precipitator regeneration block is a sepa-
rate block in the module.

The lanthanum arsenate from block 8 and the
mixture of lanthanum arsenites and arsenates from
block 9 enter the regeneration reactor (hermetically-
sealed, acid-resistant); and an estimated amount of
concentrated (36 wt.%) hydrochloric acid is added to
the precipitate. The precipitate dissolves:

LaAsO, +6HCl— LaCl; + [H3ASO4 + ASC|3] + 3H,0

Hydrogen sulfide is then bubbled through the
solution (or an estimated amount of ammonium sul-
fate, (NH,),S, can be added):

2H3ASO4 +5H,S— ASZS?,l +2S+ 8H20

2ASC|3 + 3st—> ASZS?,l + 6HCI

The precipitates of arsenic sulfide and sulfur
are filtered out on a Nutch filter, and the remaining
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LaCl; solution is directed to blocks 8 and 9 to be used
in new precipitation cycles.

The excessive amount of hydrogen sulfide is
absorbed by any absorbents available. In our case, this
is the sulfurous acid solution obtained during subse-
guent annealing of arsenic sulfide.

ASQSg +2S + Og — A5203 + SOZ
802 + HQO — H2803
2H2803 +HZS —3S + 3H20

Sulfur is separated on a filter as it accumu-
lates in the hydrogen-sulfide absorbing reactor.

The technology developed by us has the fol-
lowing advantages:

- the technological process can be realized
with any plant capacity and, due to the simplicity and
efficiency of our technical solutions, allows one to
obtain materials at a low prime cost;

- it is important that the technology is highly
universal, which provides the possibility of pro-
cessing almost any industrial HSA batches, however
wide the range of composition variations could be;

- the technology developed has almost no
analogues in terms of environmentally friendly and
technically secure processes;

- in the long view, in the case of conversion
of the chemical stockpile disposal facilities, the pro-
cess can be used (with the same equipment) for treat-
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ing the dust-like waste (tailings) from metallurgical
plants. This circumstance can be used for solving a
global problem, namely, toxic arsenic-containing
waste utilization, with the current accumulated
amount at a level of hundreds million tons. It is im-

N

No

10.
11.
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