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Abstract: Identified the basic requirements for the quality of sulfamic acid in all
areas of its application. Was described by a method of industrial production technology
sulfamic acid. There was designed laboratory installation to study the crystallization
process. The paper studies the influence of temperature and cooling rate on the size
distribution, the mass fraction of the basic substance, bulk density and flowability.
There was defined dependence of the yield of the target substance from the initial and
final temperature selection. Recommendations on production sulfamic acid with the
designed size of crystals are given.

Currently, the sector of household chemicals has good prospects. The level of
consumption of various commodities in this segment (detergents and cleaners, washing
powder, etc.) per capita is much lower than in Europe and the United States, but it is
constantly growing. Is amended and expands range of products, producers complement
the product line products in different price ranges [1].

SulfAmic acid (SAA) gained widespread in industry, namely:

— in the production of detergents;

— cleaning of industrial equipment from mineral deposits, “milk” and “beer” stone;

—removal of carbonate deposits (limescale) with heat-exchange equipment,
radiators, household dishware;

— production of fireproof materials and herbicides;

— processing treatment of oil wells in order to increase reservoir recovery.

In all application sectors of sulfamic acid presented a series of stringent
requirements for particle size distribution, bulk density, flowability, physical-chemical
properties, transport and storage of the finished product. The finished product has to
comply with the following parameters: the concentration of the target substance is not
less than 99.5 %; mass fraction of sulfate — ions to 0.04 %; content of water-insoluble
impurities not more than 0.08 %; bulk density of 1200 kg/m?; flowability 23 s.

Despite the fact that the production of sulfamic acid in Russia can completely
provide for the needs the internal market, consumers prefer acids imported from China,
India and Indonesia. A comparative analysis of technologies of foreign competitors with
the domestic producer [2], come to the fore the problem of saving energy and resources,
as well as improvement of quality indicators. Industrial synthesis of sulfamic acid
comprises reacting urea with sulfur trioxide and sulfuric acid, i.e. with oleum

NHzCONHz + SO3 + HzSO4 — 2NH2503H + COzT

The basis of the process of obtaining the sulfamic acid is the reaction of
sulfonation urea with oleum with a mass fraction of 24 % sulfuric anhydride at
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a temperature of 60...70 °C, followed by isolation of the finished product on water at
a temperature of 10...20 °C, filtration and drying.

Crystallization stage plays a crucial role in shaping the quality characteristics of
the products [3, 4]. The importance of crystallization also stresses the fact that problems
at this stage affect not only the quality of the finished product, but also create additional
energy costs in the final stages of production. On the basis of the applied technology
(sulfonation urea — selection — crystallization — filtration — drying) it is necessary to
improve the crystallization stage.

The main technological parameters that influence the shape and size of the crystals
are the cooling rate and hydrodynamic regime in the reactor. Completeness of
recovering the target substance and the formation of crystalline structure is also
dependent on the initial and final temperatures of the crystallization process.
Investigation of the crystallization process of sulfamic acid was conducted on a
laboratory setup consisting of a thermostat with a thermometer, a drive with a frequency
regulator, reactor with the coil and a stirring apparatus (Fig. 1).

The reactor was filled with distilled water and with the fed hot water in the coil it

is heated to the required temperature. The required initial temperature of the slurry 7y is
maintained by a thermostat. The suspension is kept at a predetermined temperature until
complete dissolution of the acid.

The cooling water is supplied in the coil after keeping for 30 minutes and then
suspension cooled to a final temperature of 15 °C. The resulting slurry of sulfamic acid
is filtered on a Buchner funnel. Investigation of the crystallization process was carried
out in two directions: the influence the cooling rate and temperature regime on the
particle size distribution of sulfamic was determined acid and the effect of temperature
of the crystallization and filtration on impurity content, concentration and yield of the
desired substance was calcualated.

To assess the effect of cooling rate on particle size distribution there were
performed three series of experiments. In the first series at an initial slurry temperature
of 60 °C cooling rates were 0,01 °C/min; 0,1 °C/min; 0,2 °C/min. In the second and third
series the initial temperature was respectively 70 and 80 °C, with the same cooling rates
(Fig. 2). From these graphs it can be concluded that the maximum size of the crystals of
sulfamic acid (40...45 microns) was obtained at a cooling rate of 0,01 °C/min and the
initial temperature of the slurry 80°C. A number of experiments for revealing
crystallization parameters, which have a significant impact on the trapping of impurities
by crystals and yield of sulfamic acid, were conducted.
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Fig. 1. The laboratory setup for the study of the crystallization process of sulfamic acid:
1 — thermostat; 2 — thermometer; 3 — drive with the frequency regulator; 4 — reactor;
5 — coil; 6 — stirring device; 7 — rotameter; 8 — clip
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In the investigations we used solutions of sulfamic acid, prepared by sulfonation of
urea 15 % excess of oleum. The feed solution had the following composition, %:
NH>SO3H — 41,4; HoSO4 — 48,9; (NH3)2SO4 — 9,65. As a result of the analysis and
comparison of the composition of the solution of sulfamic acid and the crystalline
product it was found to be the main impurity, contamination level which exceeds the
permissible values in the solution, is ammonium sulfate - the main product of hydrolysis
of sulfamic acid.

Given that the sulfonation urea is carried out with 15 % excess of oleum, the
presence an acidic environment increases the rate of hydrolysis (to 2...2.5 times), and
decreases the temperature of initiation of hydrolysis. In order to mitigate the high level
of acidity in the crystallization stage, sulfomass is fed on the water to bring the total
mass concentration, in terms of sulfuric acid, in the range 270...300 g/dm’.
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Fig. 2. The distribution function of sulfamic acid crystals depending on the initial
temperature of the solution at a cooling rate of 0,01 °C/min (), of 0,1 °C/min (b):

1-60°C;2-70°C; 3-80°C

782 ISSN 0136-5835. Bectuuk TI'TY. 2014. Tom 20. Ne 4. Transactions TSTU



fid), %
40 /
35

25 /

20 l/ // ( N\
N

15 /

1 NG N
10 N

//

d, mm

o o1 02 03 04 05 06 07 08 09 1

<)

Fig. 2. Continued. The distribution function of sulfamic acid crystals depending
on the initial temperature of the solution at a cooling rate of 0,2 °C/min (c):
1-60°C;2-70°C;3-80°C

In this regard, the experiments were conducted in two stages: was studied the
mechanism of transition of specified impurity in crystalline the precipitate of sulfamic
acid was determined influence of temperature regime selection and filtration on yield
the target product.

During research crystallization temperature interval was varied in the range of 20
to 80°C. In the experiment was determined influence temperature regime on the
trapping of impurities by the crystals of sulfamic acid. So offset the initial
crystallization temperature the region of higher values and the shift of the final
temperature of selection in the region of lower values lead to a definite decrease in the
content of impurities (Fig. 3).

In the second stage of the study was defined the influence of temperature of
selection and filtration on the product yield and the mass fraction of sulfamic acid.
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Fig. 3. The dependence of the mass fraction of impurities
from the temperature range of crystallization
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Two series of experiments were performed. In the first series, filtering was carried
out at a temperature corresponding to the final temperature of selection (in the range of
20 to 60 °C). In the second series, the filtration temperature was constant (20 °C) while
the temperature of selection was varied in the same range as that in the first series.
Based on these results were constructed graphs (Fig. 4, 5).

On the basis of these experiments it can be concluded that the shift of initial
crystallization temperature into the region higher values and the offset of final
temperature of selection into the region lower value leads to reduction of the content of
impurities (from 0.58 to 0.06 %). It was also established that the smallest the hydrolysis
occurs at a temperature of 20 °C selection — from 0,3 to 0,6 %. The losses of product
due to the hydrolysis are from 1.5 to 3 % with increasing temperature of selection.
Thus, reducing temperature of selection to 20 °C may lead to an increase in yield of
1,8...2,3 %.
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Fig. 4. Influence of temperature selection and filtering on the yield of sulfamic acid:
1 — the first series; 2 — the second
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Fig. 5. The dependence of the mass fraction of sulfamic acid
from temperature mode:
1 — the first series; 2 — the second
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Implementation of the received data into the existing production technology will
allow obtaining sulfamic acid with mass fraction of the basic substance to 99.5 %, with
a reduction of content of sulfate ions to 0.06 %, with a bulk density and an average of
crystals diameter closest to foreign analogues.

The work is supported by “Grant for applied research of young scientists 2014
No. 09-25 / 04MU-14.
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CoBepuieHCTBOBaHHME CTAAUN KPUCTAIH3ALNHA
B IIPOU3BO/ICTBE CYJIb(PAMHUHOBON KHCJIOThI

H. B. OpuioBa, A. I'. Slmenko, A. 0. OpJos, A. H. Koanyx, /1. ¥O. Imuuknna

Kageopa «Texnonocuueckue npoyeccyl, annapamsl u mexHoc@hepHas
bezonacnocmuvy, ®I'BOY BIIO « TI'TY», kvidep@cen.tstu.ru

KuroueBblie cjioBa M (ppa3bl: BBIXOA IIENEBOTO MPOAYKTA; IPAHYIOMETpUYIC-
CKHIi COCTaB; KPHCTAIUIM3AIMS; MaCCOBasi 10Nl OCHOBHOTO BEIECTBA; HACHIIHAS [UIOT-
HOCTB; CYJIb(GaMHUHOBAsI KHCIIOTA; ChITyYeCTb.

AHHOTanmsi: OnpeeneHsl OCHOBHBIE TPEOOBAHUS K KAueCTBY CyJIb()aMHUHOBON
KHCJIOTBI BO BCECX O6HaCTﬂX €€ NPUMCHCHUA. HpI/lBeHeHO OITMCaHUC HpOMbIU.[J'IeHHOﬂ
TEXHOJIOTUH TOJTYYCHHUS CyTh(haMHHOBOW KHCIOTHL. Pa3paborana mabopaTtopHas ycra-
HOBKa JUUIsl U3y4YeHUs Ipoliecca KpucTaum3anuu. ViccineioBaHo BIMSIHUAE TEMIIEpaTyp-
HOTO pEeXHUMa U CKOPOCTH OXJIaXJIEHHs Ha I'PaHyJIOMETPHUYECKHH COCTaB, MacCOBYIO
JIOJII0 OCHOBHOT'O BEILIECTBA, HACKHIITHYIO IUIOTHOCTh M ChIlTy4ecTh. OnpeneneHa 3aBUCH-
MOCTb BBIXOZIa IIEJIEBOTO BEIIECTBA OT HAYaJIbHOW M KOHEYHOH TeMIlepaTyphl BhIJeEIe-
Husi. Pa3paboTanbl peKOMEHIANMH [T TOIY4YCHUs CylTb(HaMHHOBOW KUCIIOTHI C JKellae-
MBIM Pa3MepoM KpUCTaJIIOB.
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Vervollkommnung des Stadiums der Kristallisation
in der Produktion der Amidosulfonsiure

Zusammenfassung: Es ist der Einfluss des Temperaturregimes und der
Geschwindigkeit der Abkiihlung auf den granulometrischen Bestand, den Massenanteil
des Hauptstoffes, die aufgeschiittete Dichte und die Schiittbarkeit untersucht. Es ist die
Abhidngigkeit des Ausgangs des zweckbestimmten Stoffes von der Anfangs- und
Endtemperatur der Absonderung bestimmt.

Perfectionnement du stade de la cristallisation
dans la production de I’acide de sulfamide

Résumé: Est étudiée ’influence du régime de la température et de la vitesse du
refroidissement sur la composition granulométrique, la part de masse de la matiére
essentielle, la densité en vrac et la pulvérilence. Est définie la dépendance de la sortie de
la substance de but de la température initiale et finale du dégagement.

ABTopsl: Opnosa Hamanusa Bauecnasoena — KaHOUIAT TEXHUYECKUX HAYK, JO-
neHT Kagenpbl «TexHosornyeckne MpoLecchl, anmaparsl U TexHoc(epHas Oe3orac-
HoCThY; Auwgenko Anna I'eopzueena — maructpant kadenpsr «TexHomorHYECKHE TPO-
IIECCHI, almapaThl U TexHoc(hepHas 6e30macHOCTY; Op10é Andpeit FOpveeuu — xaHu-
JaT TEeXHUYECKUX HayK, CTapIIMi mpenojaBaress Kadenpsl «TexHomormdyeckne mpo-
L[ecChl, anmnaparsl U TexHocepHas 6e3onacHocTby»; Koauyx Anexcanop Hukonaeeuu —
KaHIuJaT TEXHUYECKHX HaykK, AOLEHT Kadeapsl «TexHoIornueckue Mmporeccsl, amma-
patel u TexHochepHas Oe3omacHOCTh»; IHwuuxkuna /lapva FOpvesna — CTyneHTKa,
OI'BOY BIIO «TI'TY».

Penenzenr: I'amanoea Hamanva I{ubuxoséna — OKTOp TEXHUYECKHX HAYK,
npodeccop, 3aBeayromas kadeapoii « TexHoIOrHYecKre MpoLecchl, alnaparbl 1 TEXHO-
cdepHas 6ezonacHocThy, ®T'BOY BITO «TI' TY».
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