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Abstract - Based on the results of chemical analysis,
thermoanalytical curves and IR absorption spectra the resulting
product proves the individuality and chemical formula of sodium
mannitolborate CgH;,OsB(OH),]. From the specific electric
conductivity (25+0,1° C) and optical rotation angle data (18
+2°C) in the polyol-boric acid-water systems the stability
constants of sodium mannitolborate were calculated using the
classic laws of electrochemistry. The results show that the most
stable are two anions - mannitoldiborate [Mannitol B,]? and
mannitolborate [Mannitol B], which exists in the alkaline and
neutral parts of the systems at the total concentrations of 0.25, 0.5
and 0.75 M [1]. We provide the use of sodium mannitolborate as
a corrosion inhibitor in combination with additives for steel and
non-ferrous metals (aluminium, copper, brass) in water and
water-ethylene glycol mixtures (1:1). We investigated the
corrosion within the temperature range of 20-70 °C and under
dynamic conditions. With reference to the corrosion gravimetric
measurements, sodium mannitolborate is an excellent inhibitor in
water media for steel, copper, brass, aluminium and its
combination with other additives influences insignificantly the
corrosion protection degree (98-88%). Therefore, sodium
sorbitolborate itself is effective at all investigated concentrations
and can be used in water media to prevent corrosion Sodium
mannitolborate and additives in water-ethylene glycol media
(2:1) shows, that sodium mannitolborate is effective inhibitor of
corrosion for steel and under optimal conditions inhibition
effenciency reaches 95% (2,0 g/l). The compositions G and H on
the base of sodium mannitolborate are very effective for steel
(protection  effect 97%, 99%) accordingly.  Sodium
mannitolborate and compositions do not protect copper and
aluminium. The composition with sodium mannitolborate H is
very effective for brass (protection effect 95%).
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INTRODUCTION

Boron compounds, especially borax, are widely used as part
of several compositions for inhibiting corrosion in water, but
their efficiency is low and great concentrations must be used —
up to 7% for steel. The role of borax is only to maintain the
pH of the solution constant — that is to attach the buffer
properties to the solutions in which the protected metal (steel)
constructions act. The attained inhibition effectiveness of
borax in artesian water at 70°C is 10, 30, 65 % at
corresponding concentrations, g/l : 1,2 3,5, all of the sodium
sorbitolborate in the same conditions is 93-98 %  at
corresponding concentration 1-2 g/l must be used [2]. We
propose the boron compounds of other type — the salts of
boron coordination compounds, where ligands are polyhidroxy
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organic acids or polyols. In the coordination compounds of
tetracoorinated boron are not toxic, as sorbitol and mannitol
forming ones are food products or remedies as calcium
gluconate.

Inhibiting mixtures are known, the compositions of which
include polyoxycompounds, such as sorbitol, mannitol,
pentaerythritol and others [3,4]. Products of interactions of
some polyoxycompounds with boratione, for example, sodium
sorbitol borate, sodium xylitol borate are inhibitors of steel
corrosion in aqueous media [5]. Therefore, it is practically
useful to investigate the interaction of D-mannitol with
sodium tetraborate, synthesize and extract these compounds
and study their inhibiting action not only on steel but on non-
ferrous metals as well, such as aluminium, copper, brass.

EXPERIMENTAL

Sodium mannitolborate has been synthesized by the
interaction of equimolar quantities of D-mannitol and sodium
tetraborate when heated. This dihydrate of sodium mannitol
borate Na[CgH14BOg]-2H,0 is a colourless and vitreous matter
well soluble in water, ethyleneglycol and propylenglycole.

Experimental data, %: B 3.90; Na 8.08; H,O 12.90.

Calculation data, %: B 3.81; Na 8.10; H,O 12.68.

Thermal decomposition of the complexes was investigated
using a derivatograph (Paulic, Paulic, Erday) at a heating rate
of 10 °C per minute (Fig.1). IR absorption spectra were taken
by a spectrometer SPECORD using tablets with KBr (Fig.2).

The effectiveness of used inhibitors to reduce corrosion was
expressed as inhibition degree and protection degree from the
weight loss of specimens in uninhibited and inhibited water,
results given in Table 1 and water-ethylene glycol (1:1
solutions in Table 2 respectively. The protecting action of the
inhibitor was determined from the formula: E= [(v -
v;)/v].100%, where v is the metal corrosion rate without
inhibitor (g/m2.h); v, is the metal corrosion rate with inhibitor
(g/m>.h). The efficiency of protection was evaluated from the
coefficient of corrosion retardation: y = v/vy,

where v is the metal corrosion rate without inhibitor
(g/m?.h); v, is the metal corrosion rate with inhibitor (g/m?.h).

The corrosion experiments were carried out at dynamic
conditions at 20-70 °C in water and water- ethylene glycol
media (1:1). Duration of experiments was 336 hours. Samples
of the following materials underwent corrosion tests: steel
08PC (% mass: C 0.07; Si < 0.03; Mn 0.27; P 0.0022; S 0.03;
Ni < 0.2); aluminium (% mass Cu 3.8; Mg 1.2; Mn0.3; Ni< <;
copper M-1; brass JI63); dimensions 40.0 x 20.0 mm. The
samples were placed in special vessels for corrosion tests,
which were filled with 300 ml of the tested liquid, plugged
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hermetically with a cover, heated at 20° C and 70° C.. In 336
hours of exposing to the tested solutions, the samples were
taken out, cleaned with a soft brush, washed in sequence with
distilled water and ethanol, dried and weighted. By measuring
the change in sample mass, the corrosive action of the tested
liquid was determined. The metal specimen arrangement in
corrosion cell was as follow: copper, brass, steel, aluminium
and the average weight loss was determined for each metal.
After corrosion test the corrosion products were removed
using a standard procedure [6]. Various compositions were
developed for water media: D - sodium mannitolborate
(MB),SiO, (1,0;0,2) g/l, E — MB+HMF (1.0;0.5) g/l, F -
MB,SiO,, Na,B,0;) (1.0;0.2;3.0) ¢/l and for water ethylene
glycol (1:1) media: G — MB, SiO,, Na,B,O,P (alkali metal
salt) (2.0;0.2;3.0;2.5) g/l, H — MB, SiO, ,P (alkali metal salt),
sodium benzoate (2.0;0.2;3;2.5.0;5.0)g/l.

RESULTS AND DISCUSSION

Fig.1. displays thermogravimetric curves of sodium
mannitolborate  decomposition. When being heated at
10°C/min, two molecules of crystallization water are lost
within the 80-120 °C temperature range. The DTG and DTA
curve exhibits an endothermic minimum. The mass loss,
herewith, is 12.9% (12.68 in calculation). When heated to 220
%C, sodium mannitol borate loses two molecules of
constitution water which appears due to condensation of OH
groups in boron atom. The mass loss in this case is 25.4%,
calculation 25.37%. Within the 220-420 °C temperature range,
three more molecules of constitution water are lost in several
stages — 57.1% (57.08% in calculation). At further heating, the
organic compound of a molecule oxidizes. The DTA curve
exhibits an exothermal maximum.
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Fig.1. Thermogravimetric curves of sodium mannitolborate decomposition.
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Fig.2. IR absorption spectra of sodium mannitolborate

TABLE 1

STEEL AND NON-FERROUS METALS CORROSION INHIBITION BY SODIUM
MANNITOLBORATE (MB) AND WITH OTHER ADDITIONS IN WATER MEDIA

Concentration Inhibi- .
. . Protection
Inhibitor of .SOd'um Meral tion degree
mannitolborate, degree, E o
, 70
g/l Y

- - Steel 1,0 -
Sodium 05 2,2 53,7
mannitolborate 1,0 23 56,2
. 15 4,1 75,7
. 2,0 10,0 90,0
" 3,0 13,3 92,5
D 1,0 32,7 96,9
E 1,0 19 47,3
F 1,0 53,0 98,1

- - Copper 1,0 -
Sodium 05 72 86,1
mannitolborate 1,0 59 82,9
" 15 7,0 85,8
" 2,0 5,0 80,1
" 3,0 58 82,9
D 1,0 47 78,8
E 1,0 1,2 155
F 1,0 3,9 74,1

- - Brass 1,0 -
Sodium 05 3,0 66,7
mannitolborate 1,0 55 81,9
" 15 4.4 77,2
" 2,0 8,9 88,7
" 3,0 3,8 73,4
D 1,0 2,8 64,4
E 1,0 0,8 -23,8
F 1,0 4,6 78,2

- - Alumi- 1,0 -
Sodium 05 nium 0,8 -27,9
mannitolborate 1,0 0,27 -268,0
' 15 0,76 -24,0
" 2,0 0,75 -33,1
" 3,0 0,27 -272,6
D 1,0 6,45 84,5
E 1,0 2,4 58,8
F 1,0 6,3 84,1

The combustion of the organic compound completes at 900
%C. Upon calcination, the residue is a sodium metaborate
(experiment: 23.4%, calculation: 23.19%).

The IR absorption spectra show (Fig.2) the presence of
tetracoordinated boron in the compound: the light absorption
strip at 940-960 cm™ and the light absorption strip at 1050 cm
! are related to the primary alcohol group, and at 1660 cm™
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they exhibit the presence of crystallization water in the
compound. The absorption strips at 2840-2880 cm™ are related
to the valence oscillations of CH, groups. A broad absorption
strip at 3460 cm™ is determined by the hydrogen bonds of OH
groups.

TABLE 2

STEEL AND NON-FERROUS METALS CORROSION INHIBITION BY SODIUM
MANNITOLBORATE

95% (concentration 2.0 g/l), composition H practically
completely protect steel against corrosion (protection degree
effective for brass 9599.8%). For copper the corrosion
protection degree does not strongly depend on the inhibitor
concentration. In the composition F is 78%. The sodium
mannitolborate is ineffective for aluminium. The best results
for aluminium were obtained with compositions containing
silicates of alkali metals (composition D and F). The

(MB) AND WITH OTHER ADDITIONS IN WATER — ETHYLENE GLYCOL protection degree reaches 84.5%. Table 2 illustrates the results

SOLUTIONS . .
. of corrosion tests for steel and non-ferrous metals in the
Concentiation T presence of sodium mannitolborate and additives in water-
Inhibitor mannitolborate | Meral | degree, degree ethylene glycol media (1:1). Therefore, sodium mannitolborate
/I v E, % itself is effective at all investigated concentrations and can be
g9
- - 1,0 - used in water-ethylene glycol mixtures to prevent corrosion
Sodium 0.5 10,04 90,00 and at the concentration of 2.5 g/l the protection degree
mannitolborate 1g 141;1202 3%*(2’8 reaches 98%. Sodium mannitolborate and compositions G and
” ' Steel : ’ H on its base are effective inhibitors for steel and brass and
" 2,0 18,88 94,70 6 °CH niprtor _
N 25 6,55 84,73 under optimal conditions inhibition effenciency reaches
” 30 21,36 95,32 99.8%%. The sodium mannitolorate and compositions do not
G 2.0 35,75 97,20 protect copper and aluminium, there is a need to use other
H 2,0 45,35 99,78 L. . . -
. . 10 . additives and sodium mannitolborate-based compositions.
Sodium 05 0,74 -35,35
mannitolborate 1,0 0,76 -32,32 REFERENCES
. 15 0,44 -125,25 _ o
Y 2,0 Copper 0,42 -138,38 1. Shvarts J., Krasts H., Putnina A., Berge B. Boron Coordination
., 25 0,45 -122,29 Compounds with some Pentitols and Hexitols as Corrosion Inhibitors in
., 3,0 0,51 -97,98 Water Solutions. Latvijas Kimijas Zurnals, 1998, Nr.1, 39-44 Ipp.
G 2,0 0,79 27,27 2. Lahodny-8arc O., Popov S. Corrosion inhibition of mild steel in sodium
H 2,0 1,38 27,27 gluconate-borate solutions. Surface and Coating Technology. 1988, N 34,
- - 10 - p. 537-547.
Sodium 05 2 éo 64.25 3. Zarina l., Ignash R., Berge B. Steel and Non-Ferrous Metals Corrosion
mannitolborate 1'0 1186 46Y38 inhibitors in Cooling Media. 1* International Conference ““Corrosion and
15 531 56.76 Material Protection”. Paper Nr. 024, Prague, Czech. Republic. 2007.
? 2'0 Brass 2’38 57’97 4. Ignash R., Zarina I. Determination of boron in metal corrosion inhibitor.
? 2'5 2’96 66’18 Internetional conference EcoBalt’ 2008, Riga, 2008, p.15-16
” 3'0 3'21 68’84 5. Wrnam P., 3apunsa H., HIsapu E., Bepre b. Hekoropsie nenTtuto- 1
é 2'0 1,86 46114 TeKCUTOOOpaThl MHTHOMTOPBI KOppo3uM MeramioB. Latvijas Kimijas
H 2,0 18,00 94,44 Zurnals, 2007, Nr. 2, 131-137 Ipp.
R R 1,0 -
Sodium 05 0,30 -230,54 Inara Zarina is a Lead Researcher and the Head of the Laboratory of
mannitolborate 1,0 0,50 -98,80 Protective Coatings of Institute of Inorganic Chemistry of Riga Technical
» 15 Alumi- 0,67 -49,70 University. She obtained Dr. chem. (Candidate of Science in former USSR,
» 2,0 nium 0,72 -39,52 Ph.D. in Western countries) in 1964 at the University of Latvia ,,Member of
» 25 0,31 -217,96 Latvian Academy of Sciences from 1972 and a member of the Latvian
» 30 0,54 -83,83 Chemical Society from 1990. E-mail: zarina@nki.lv
G 2,0 1,02 2,40
, , -2, oza Ignash is a Lead Researcher of the Laboratory of Protective Coatings 0
H 2,0 0,97 2,99 R | hisalead R her of the Lab f P ive Coati f

Institute of Inorganic Chemistry, Riga Technical University. She obtained Dr.
chem. in 1964 at the Kazan Institute of Chemical Technology. Is a member

Table 1 illustrates the results of corrosion tests for steel and o, Latvian Academy of Sciences from 1978, E-mail: nki@nki lv

non- ferrous metals in the presence of sodium mannitolborate
and additives in water media. For steel in the presence of Na
mannitolborate protection degree against corrosion achieves

Inara Zarina, Roza Ignasa. Bora koordinacijas savienojumi ar polioliem un metalu korozijas inhibéSana

Izpétita kompleksu veidoSanas sisttma D-mannits- Na tetraborats — Tdens, pielietojot izomolaras sé€rijas, nemot par pamatu Skiduma
elektrovaditspgju (25 +0.2°C) un optiskas aktivitates (18 +2°C) izmainas pie kopgjas koncentracijas 0.25, 0.5 and 0.75 M. P&c Ipatngjas
elektrovaditspgjas (25+0,1° C) un novirzes no polarizacijas griefanas lenka aditivitates, noteikta divu komplekso anjonu eksistence:
mannitodiborats [Mannits B,]? un mannitoborats [MannitsB] Uz ¥o pétfjumu pamata no D-mannita un Na tetraborata sintezéts Na
mannitoborats (molara attieciba 1:1). P&c elementaranalizes datiem ieglitais savienojums atbilst formulai Na[CgH;,06B(OH),]. Péc IK
absorbcijas spektru un termiskas analizes datiem noteikta kompleksa savienojuma struktiirformula. leglitais savienojums ir balta stiklveida
viela, labi $kist Gdeni, etilenglikola, propilenglikola. Na mannitolborats ka metalu korozijas inhibitors ir videi draudzigs un atbilst zalo
korozijas inhibitoru grupai. Parbauditas Na mannitoborata (MB) inhib&jo$as pasibas uz terauda un krasaino metalu (Cu, Al, misin$) paraugiem
atsalota Gdeni atkariba no koncentracijas: 0,5; 1,0; 1,5; 2,0; un 3 g/l.. Pieradits, ka palielinoties MB koncentracijai no 0,5 lidz 3 g/l térauda
korozijas atrums pakapeniski samazinas un aizsardzibas efekts (E%) sasniedz 92,5% pie inhibitora koncentracijas 2 g/l. Vara paraugu
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aizsardzibas efektivitate nav atkariga no MB koncentracijas un sasniedz 80-86%%, misina paraugu gadijuma optimala MB koncentracija Gident
ir 2 g/l, aizsardzibas efektivitate sasniedz 88,7%. MB atsalota GidenT neaizsarga aluminija paraugus, bet pievienojot 0,2 g/l SiO, notiek spéciga
korozijas procesa bremz€$ana un aizsardzibas efektivitate sasniedz 85%. Uz Na mannitolborata bazes tidens videi izveidotas inhibitoru
kompozicijas D, E, F, tad Gdens — etilénglikola videi — kompozicijas G un H. Korozijas gravimetriskie pétjjumi pierada, ka natrija
mannitolborats un kompozicijas sasniedz teicamus rezultatus térauda un krasaino metalu (var§, misins, aluminijs) korozijas inhib&$ana tudens
vide.
Korozijas aizsardzibas pakape térauda paraugiem tdens vide sasniedz 98%, vara paraugiem - 86%, misina paraugiem - 81%, aluminija
paraugiem - 84%. Etilénglikola vidé (1:1) sintez&tais Na sorbitolborats un izveidotas kompozicijas ir efektivi korozijas inhibitori téraudam un
aizsardzibas pakape sasniedz 99%, misinam - 94%, bet Na mannitolborats un izveidotas kompozizijas G un H neaizsarga vara un aluminija
paraugus.

Nnapa 3apuns, Po3za Uruam. KoopaunaunoHHOe coeiuHeHHe 60pa ¢ MOJHOIAMH U TOPMOZKeHHE KOPPO3HH METAIOB

N3yueHo KoMIulekcooOpa3oBaHue B cucreme D-manHMT-Na Terpabopar - BoJa, HCIOJB3ys M30MOJI3HBIE cepud. Ha OCHOBaHMH JaHHBIX
yaensHO# anmekrpornpoBogumoctd (25 + 0,10 C) v OTKIOHEHHHT OT aJTUTHBHOCTH MOJSIPU3ALMH BPALICHHS HAWICHO 1BA KOMIUIEKCHBIX
aHMOHA: MaHHHTONANOOpaT [ManuuT B,]” ¥ MamHuTonGopar [ManuutB]” Ha ocHoBe m3yduennms cucteMbl D-mammnt n Na TerpaGopar
pa3paboraH MeTox cuHTe3a — OoT D-mamHmTa M Na Terpabopara MOJIydeH MaHHHTONOOpaT Harpus (MoisipHOoe coorHomenue 1:1). Ha
OCHOBaHWH JaHHBIX 3JIeMeHTapHOro aHamms3a, MK-cmekTpoB M TepMorpaBHMeTpHUYECKUX PE3yThTaTOB COCIMHEHHE COOTBETCTBYET (hopMyrie
Na[C¢H14BOg]-2H,0. Tlomyuennoe coeamHende - Geoe, CTEKIOOOpa3sHOE BEIIECTBO, JIETKO PACTBOPUMOE B BOJE, OSTUIICHTIIHKOIE,
nponuieHruKone. [1oka3aH0, 4To Mpu yBeNMYCHHEH KOHIEHTpaluu MaHHHTONOOpaTa Hatpust 0,5 10 3 r / 1 CKOPOCTh KOPPO3HH CTAIH
MOCTETICHHO yMeHblIaercs, u 3aunmTtHoe aeiicreue (E%), nocruraer 92,5% B uHrubutopa KoHueHtpauuu 2 T/ 1. DPpHEKTHBHOCTD 3aIIUTHI
MeOu He 3aBHCHUT OT KOHIIEHTpaluu MaHHUToJOOpata Hatpust u pocturaer 80-86%%, s naTyHM onTHManbHas KOHIEHTPAIHS
MaTTUTOJI00paTa HaTpusi B Bojme 2 T / 1, 3amuta 3ddexrtuBHOCTH pocturaer 88,7%. MaHHUTONOOpPAT B BOJHON Cpeie HE 3allHUINacT
AIFOMHUHKEBBIe 00pasipl, HO mpu gobasiernu 0,2 r / 1 SiO, MPOUCXOIUT CHILHOE TOPMOXKEHHE KOPPO3HOHHOIO MpoIecca, W 3allduTHAs
s¢dextuBHOCTH HocTuraet 85%. Ha 6a3ze manHuTOI60paTa HATPHsE pa3paboTaHbl HHrHOUTOpHBIE KoMmmo3uiwu D, E. @ (mis BoaHO# cpemsl) u
G, H u1st 3THIICHTIIMKONB-BOAA CPE/IBL.

I'paBuMeTpHYECKUE HCCIEIOBAaHUS KOPP303UU CTANIM U LBETHBIX METAUIOB (Melb, JIATYHB, aJFOMUHHUII) MMOKA3bIBAIOT, YTO MaHHUTOJIOOpAT
HATpUsl U KOMIO3UIMH SIBISIIOTCS OTIIMYHBIMA HMHTHOMTOPAaMH UL KOPPO3HH CTAJIbHBIX OOpa3loB B BOXHOH cpele M CTEHEHb 3alllUTHI
cocrapnsier 98%, ms mMenu 86%, ans natynu, 81%, 84% s oOpasuor amomunus. B cpene stunenrmukois (1:1) Na manauTondopar u
kommosuimu D, E 3ddexkTuBHbIC KOPPO3UOHHBIE HHTHOMTOPBI CTATH U CTEICHb 3aluThl gocturaet (99%), natynu (94%), B To Bpems Na
MaHHHUTOJIOOPAT U pa3paboTaHHbIE KOMIIO3HLUH Ha Oa3e MaHHUTONOOpaTa HaTpust G, H He 3amumaroT Meap 1 amfOMUHHH.
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