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W3zydeno Bmusiaue docdara Hatpus, ruapodocdaToB HATPHS, KaIHsl, aMMOHUS U furuapodocdara HaTpHs Ha
IIporecc OTBEepKAEHMs Tuica. lccienoBaHa KOHLIEHTPAIMOHHAS 3aBHCHMOCTh WHTHOHMPYIONIETO AeicTBHS
Kax1oil u3 coiel B nmuanaszone konuentpanuii 0,1-0,0031 M. IlokazaHo, 4To HanOOJBIICH UHTHOUPYROLICH
AKTHBHOCTBIO 00JamaeT TpHu3aMelleHHbIH ¢ocdar Hatpusa. [usamemieHHsie ¢ochaTbl HATPHA, Kalus MU
aMMOHUs 001aJ1aloT CpaBHUMOH ¢ (ocdaToM HaTpHs aKTUBHOCTBIO, a AUTUIpodochaT HATPUS MPAKTHYESCKH
HE TMPOSBISAET HHIHOUPYIOIIYI0 aKTUBHOCTH. IIpakTHyeckoe MHCMOIb30BaHUE HCCIEIOBAaHHBIX (ochaToB
Hanbonee 3¢ GeKkTHBHO B quana3one kouuentpauuii 0,125-0,5 M.

Knrouesvle cnosea: twnc, uWHrHOMpoBaHWE OTBepxkIeHue, Qocdar Harpus, ruzxpodochar HaTpHs,
muruapoocdar HaTpus, THAPoGochHATH Kaaus ¥ aMMOHHS.

BBEAEHUE

l'urcoBsie BsOKyIIME MaTepHAIIbI IIUPOKO MPUMEHSIOTCS B CTPOUTEIHHON WHAYCTPUHU
[1-4] u omHOM M3 aKTyaJbHBIX 3a/ady SIBJSIETCS YIIy4IIeHHUs ycloBui ux (gopmoBanus. B
CTPOUTENILCTBE CIEUUATBHBIE MOIUPHUIUPYIOMINE AO0aBKH, 3aMEUIIONINE CKOPOCTh
OTBEPIKICHUS THUIICOBBIX BSIKYIIMX BEIIECTB IMONB3YIOTCA OombmuM cripocoM. [loaTtomy
W3yYEHUE Pa3INYHBIX MOAM(PHUKATOPOB MPH TONYYEHHH THUICOBBIX BSIKYIIMX BEIIECTB
NpPEACTaBIACT aKTyaJbHYIO 3a/1a4y U TpeOyeT AeTaIbHOTO HCCIICAOBAaHHUA.

Ilenpto HacTosmIe pabOTHl SBHUJIOCH HW3YYCHHE HeEOopraHm4eckux ¢(ochaToB B
Ka4uecTBe PErysATOPOB IMPOIlecca OTBEPXKACHUS TUIICA, @ UMEHHO CpPaBHUTENbHAS OIEHKA
uHruoupytomero aecTeusa GocdaToB HATPHUS Pa3TUYHON CTENICHN 3aMEIleHHs, U3yUeHUE
3aBUCUMOCTH WHTHOMPYIOIIErO JAEHCTBHS OT KOHLEHTpAaUWH Kaxkaoro w3 ¢ocdaros,
CpaBHEHHE MHTHOMpYIOLIEro aciicteus ruapodocdara Hatpus ¢ ruapodocharaMu Kaaus
M aMMOHHSI ¥ COIIOCTaBJICHHUE HMHTHOMPYIOIIEH aKTHBHOCTH H3YYEHHBIX (ocdaTroB ¢
LUTPATOM HaTpHSL.

MATEPHAJIBI U METO/bI

B pabote ncnonbp30BaMCh BEIIECTBA: TUIIC CTPOUTENBHEIN 'S, ruapodocdat Hatpus
nonexarunpar (Na,HPO,I2H,O) wu Harpuii (HocHOPHOKUCIBIA OIHO3aMEIIEHHBIN
muruapat (NaH,PO,), docdar matpus ( NazPOy4) u mmutpar vatpust (Na;CqHsO,3,5H,0),
ruapodocdar kamus tpuruapat (K,HPO,[3H,0), ruapodocdar ammonns (NH,),HPO,).
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B xome pabotrel ucmonb3oBaan ucxomnbie 0,1 M pactBopbl ¢GocdaTHBIX coJei.
[Myrem mocnemoBateabHOr0 pa30aBICHUS JUCTHIUTUPOBAHHOW BOJOW OBUIM TIOITYYEHBI
pacTtBopsI cnenyromux MossipHocteit: 0,05; 0,025; 0,0125; 0,0062; 0,0031.

Jyis ompeneneHuss BPEMEHHM Hayala M OKOHYAHUS OTBEPXKICHUS Opaau HaBECKU
runca 1o 2,0 T, K KOTOpsIM J00aBIIsTH 110 1,2 MIT HCCIEMYEMBIX PacTBOPOB KaXKIOTO U3
(dochaToB B yKazaHHBIX BHINIE KOHICHTpanusax. CMECH MEepPeMEIIUBAIA B CTYIKE C
noMonipio necruka B TedeHue 10 c. IlomyumBiryrocst TUIICOBYIO Maccy MEPEHOCHIIM Ha
MOJUIOKKY W (PUKCHPOBAIM BpeMs Havajla U OKOHYAHUS OTBEPIKJCHHUS 0Opasna. MoMeHT
MOMYTHEHHUS TIISHIEBOW MMOBEPXHOCTH THUIICOBOM CMECH OTMEYaId KaK Hayallo Mpolecca
OTBepKACHUS. BpeMsi OKOHYATENbHOTO OTBEPKICHHS ONpPEAEsUIOCh B MOMEHT, KOTna
oOpa3zery mepectaeT nehOpMHUPOBATHCS MPU HAIABIMBAHUN CTEKIISTHHOM MajI0YKOM.

PE3YJBTATHI U OBCYXJIEHUE

B kauecTBe 00BEKTOB HCCIEIOBAHUS OBLTH B3SATHI PA3IUYHO 3aMelleHHbIC (ochaTh
HATpUsS — a HMEHHO TpH3aMelleHHbIH (ocdar Harpus, ruapodocdaT HaATpus,
muruapodocdar Hatpus, a Takke auruapodocdartsl Kaaumsd U aMMOHMA. B kadecTBe
oOpa3na Juis CpaBHEHUS aKTHBHOCTH HWCIIOJB30BAJICS paHEe WCCIICIOBAHHBIN B Hailel
nabopatopuu LUTpaT HaTpHs [S].

Bce uccnenoBannbie GochaThl HATPUS PA3IMYHON CTEIICHU 3aMELICHUS B TOH HJIH
WHOW Mepe MpOSBWIN 3aMeJISIoNIee JCWCTBUE Ha MPOIECC OTBEPXKICHUS THIICA.
HawnGonee akTUBHBIM U3 UCCIIEA0OBaHHBIX COSAMHEHUH OKa3aJCs TpU3aMelleHHbIN docdar
HaTpusa. Kak u criemoBajo OXWIATh, 3aMENJISIONIas AaKTHBHOCTh BO3PAacTaeT C
yBEJIMYCHHEM KOHIIEHTpanuu (ocdara BIUIOTh 10 UCClIeAoBaHHOM KoHIeHTpanuu 0,1 M.
PactBopel ¢ Ooubllieil KOHIIGHTpalMel HE UCCICAOBaINCh, TaK KaK Jaxe TNpu
koHneHTpanun 0,1 M oTMedeHO yXyZAIIeHHEe MPOYHOCTHBIX XapaKTEPUCTHK TMOTyYEeHHBIX
00pa3IoB, KOTOPBIE pacCHIAOTCS MpH JIETKOM u3rube. Pe3ynmpTarthl sKcrepuMeHTa
TIpHUBEJICHBI B Ta0OuIe 1.

Tadoauna 1
HNurudupyrwmee aeiicreue gochaToB HATPHUA HA NPOLECC OTBEPIKAECHHUS THIICA
C Na3C6H5O7 NagPO4 NazHPO4 NaH2PO4
(MOJIB/1T) Hau. OxkoHu. Hau. Oxkonu. Hau. OxoHu. Hau. OxoHu.
0,1 100 270 70 120 1.0 15 4 9
0,05 90 240 39 76 10 17 5 12
0,025 80 200 18 42 19 26 4 12
0,0125 70 140 7 20 28 36 4 12
0,0063 50 80 4 10 14 27 3 10
0,0031 30 40 3 9 5 16 3.5 13

U3 momyyeHHBIX JaHHBIX BHIHO, YTO NpU KoHUIeHTpammu (ocdara Hatpus 0,05 M
BpeMs Hauala OTBEPXKACHUSA CcocTaBisieT oOkono 40 MUHYT W BpeMs IOJHOTO
3aTBeplacBaHUs — OKojgo 80 MUHYT IpHU COXPaHEHHMM MEXaHMYECKOH MPOYHOCTH,
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CBOMCTBEHHOH oOpasliaM THIICa, MOTYyYEeHHBIM C HCIOJIB30BAaHMEM BOIBI 0€3 IT00aBOK
coneir. C yMeHBIICHHEM KOHIIEHTpanuu ¢ocdara HaTpus BpeMs Havajla U OKOHUYAHUS
CXBaTBIBaHUs TAKXK€ YMEHBIIAINCH, OJHAKO 3aMETHBIH d(PQeKT HabIromancs Aaxe Mpu
koHnentpanuu 0,0125 M. I'padudecku pe3ynpTaThl MpeAcTaBiIeHbl Ha puc. 1 U 2 (KpuBbIe
KpacHOTO IBeTa). B TO Bpems Kak BpeMsi Hayala 3aTBEPACHHSA JJISl THUIICA COCTaBHIIO
OKOJIO 4 MUHYT, 2 OKOHYATEeIbHOE 3aTBEpIIcHIE HAOMOJaI0Ch Yepe3 9 MUHYT.
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Puc. 1. 3aBuCHMOCTS BpEMEHHU Hadajia OTBEPIKACHUS TUIICA OT KOHIICHTPAITHHU COJICH.
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Puc. 2. 3aBUCUMOCTh BPEMECHH OKOHYAHHUS OTBEPXKICHHS THIICA OT KOHIICHTPAIMH
coJen.

B m1poTHBOIIOIOXKHOCTE 3TOMY MOHO3aMeIIeHHBIH Gocdar HaTpus (muruapodocdar)
HPOSBHII OYEHb CJA0yI0 MHTHOMPYIOIIYI0 aKTHBHOCTH KaK INPH BBICOKMX, TaK W TIPH
HU3KUX KOHIEHTpauusX. Bpems Hawanma 3aTBepAeBaHHS COCTaBWIO OKOJO 4 MHHYT, a
OKOHYaHUs — oKoJio 12 MuHyT. Pe3ynpTathl npuBeaeHs! B Tadnuue 1 u Ha puc. 1 u 2.

Pa3HoHampaBieHHbIE pe3yslbTaThl OBUIM MONYYCHBI A Au3aMelieHHoro Qocdata
(rumpodoctara) Hatpus. [na ncxomnoii konuentpauu 0,1 M ObuUIO OTMEUYEHO Oaxke
CYLIECTBEHHOE YCKOpSIOIIee ACHCTBIE Ha MPOLECC CXBAThIBAHUS TUIICA, 2 IMEHHO BpeMs
Hayaja OTBEPXKAEHUS COCTaBWIO JMIIb 1 MuHYTY (npotuB 4 MHUHYT s
JUCTWIIMPOBAHHON BOJBI), a BpEMs OKOHYAHUSA INPAKTUYECKHM HE W3MEHWIOCH II0
cpaBHEHHMIO ¢ BOIOW. IIpM MEHBIIMX KOHLEHTpaUUsSX XapakTep ACHCTBHSA B MPHUHLMIEC
U3MEHHMJICSI Ha WHTUOMpPOBaHHE TMpolecca OTBEPXKACHUS, TMPHYEM MaKCUMYM
HHTHOUPYIOIIET0 JSHCTBHSI XOpOIIO BhIpakeH npu KoHieHtparuu 0,0125 M, u
MHrUOUpYIolIee ecTBUE 3HAYUTENBFHO — OKOJIo 30 MUHYT 1O Hayajla OTBEPXKICHHUS U
ok0j10 40 MHHYT 10 TIOJIHOTO OTBEpXIeHHs. PesymbraTel mpuBeneHsl B Tabmuue 1 u
pucynkax 1 u 2. B cpaBHeHuu ¢ docharom Hatpus ruapodocdar JUIIE HEMHOIO
YCTYyNaeT B UHTUOUPYIOIIEH aKTHBHOCTH.

[IpencraBunoch MHTEPECHBIM H3Y4YHTh W rUApodochaTsl Kamus ¥ aMMOHHSA U
CPaBHUTH TIOJy4YEHHbIE pPE3yJIbTaThl C JAaHHBIMH Uil ruapodocdara Hatpus. beuto
YCTaHOBJICHO, 4TO IS THAPO(ochOTOB Kanus M aMMOHUS SIBHBIH yCKOpSFOIHN 3¢ (et
He HaOJoJaeTcsi, OAHAKO Ha KOHIIEHTPALMOHHBIX 3aBUCHUMOCTAX (PHCYHOK 2) Tarke
NPOCIESKUBAIOTCA MaKCHMyMbl WHTHOMPYIOIIEH aKTUBHOCTH, OJHAKO TNPH HECKOJIBKO
MHBIX (00JIee BBICOKMX) KOHLICHTPAIHMAX, 4YeM At runpodocdaTa narpus. O4eBuaHO, 4TO
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U 3JIeCh C TOBBIIICHHEM KOHIICHTPAIUM HAdWHAET MPOSBIATHECA 3(QdeKT yckopeHHs
nporiecca THApPATaluU, OJHAKO OH HE MpeBblmaeT 3Q(EKT 3aMeIeHNus B UCCIeyeMOM
JIMana3oHe KOHIEHTpaIuil.

Taoauna 2

HNuarudupyromee aeiicreue rugpodocdaToB HaTpUs KaJaus 1 AMMOHHMSA Ha NpoLecc
OTBepKIeHNs TUICcA

C NaQHPO4 KzHPO4 (NH4)2HPO4
(MOJIB/11) Hau. OxoHuy. Hau. OxoHuy. Hau. OxoHuy.
0,1 1.0 15 13 15 11 13
0,05 10 17 24 29 21 26

0,025 19 26 17 27 32 36
0,0125 28 36 9 21 17 29
0,0063 14 27 10 23 9 21
0,0031 5 16 4 16 3 14
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Puc. 3. 3aBucMMOCTH BpeMEHW Hadajga OTBEPXKICHHS THIICA OT KOHIICHTPAIUU
ruapodochaTos.
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Puc. 4. 3aBHCUMOCTD BPEMEHU OKOHYAHUS OTBEPXKICHUS THUIICA OT KOHIICHTPALUH
runpodocdaTos.

HaGOmomaemble 3¢ ¢exkThl MHMHOMPOBAaHUSA W YCKOPEHHS, BHAMMO, CBS3aHBI C
Pa3HBIMH TapaJUICIBHO MPOTEKAIOIIMMHU MPOIECCaMU, TIPUPOAA KOTOPHIX TIOKA HE BIIOIHE
noHsATHAa. Bo3MOXXHO, 4TO ycKopsomee AeicTBre (ocaToB B BBICOKMX KOHIEHTPALIUIX
MPOSIBIIAETCS TaK K€ W MO TOW XK€ MPUYMHE, KaK U Y HEUTpaJIbHBIX COJIEN (XJIOPHUIbI,
HUTPATHI CYIb(aThl MIETOYHBIX METAJUIOB), YCKOPSIOMHNA 3(PQPEeKT KOTOPHIX M3BECTEH U
onMcaH B juteparype [1].

IIpoBeneH cpaBHUTENBHBIA aHANU3 TOJIYYSHHBIX PE3YNNTATOB M0 MHTHOUPYIOLIEMY
neiictBuio (GocaroB ¢ paHee H3YUCHHBIMH IIUTpaTaMH IIEIOYHBIX METalIOB M, B
YaCTHOCTH, C IUTPATOM HATpUs, IOBTOPCHHBIC pPE3yJabTaThl IO KOTOPOMY TaKKe
TpuUBeIeHBI B Tabmuie 1. BUaHO, 4TO MUTpAT HATPHUS MPOSIBISIET ONMPEICICHHO OOJBIITYIO
AKTUBHOCTh JiaK€ B CpPaBHEHHH C TpPU- M AW3aMenieHHbIMU (ocdaramu. OjHAKO U
HAOJIOJaeMBIN  JUIS HM3Yy4YCHHBIX COCAMHECHUH J((EKT TNpeACTaBIsSeT 3HAYUTEITHHBIN
MPAKTHYECKUH HMHTEpPEC, TaK Kak KOMMEpUYecKas CTOMMOCTh (hoc(aToB HATpUS OYCHB
HU3Ka JJa)kKe B CPAaBHEHUH C ITUTPATOM HATPHS.

3AK/IIOYEHHUE

1. MWzyueno Bnusiaue ¢ocdara Harpus, TuapodocdaToB HATPHUSA, KATUS U aMMOHUS, a
Takke auruapodocdara HaTpUs Ha MPOLIECC OTBEPKIACHUS THIICA.

2. HccrnenoBaHa KOHIECHTpAI[MOHHAS 3aBUCHMOCTh MHIMOUPYIOIIETO JCHCTBHUS Ka)I0H
U3 coniell B nuanazone konuentpanuii 0,1-0,0031 M.

3. Tloka3zaHo, 4TO  HauOOJIBIICH  WMHCHOMPYIOUICH  aKTUBHOCTBIO  00JamaeT
Tpu3aMelleHHbId (Gochar Harpus. dusameineHuble ¢docdarbl HATpus, Kanus U
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aMMOHHs  00J1a1al0T  cpaBHMMOH ¢  ¢ocdaroM HATpUs aKTUBHOCTBIO, a
auruapodochar HaTpUs MPAKTHYECKU HE MPOSIBISET HHIMOUPYIONTYIO aKTUBHOCTb.

4. TlpakTHueckoe UCITOJIB30BaHUE HCCIENOBaHHBIX (ochaToB Hambosee d3PPEeKTUBHO B
nuanaszone kKonuentpamuii 0,125-0,5 M.
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THE EFFECT OF SODIUM PHOSPHATES IN THE CURING GYPSUM
PROCESS

Grishkovets V. 1", Norkin A. S.", Yakovishin L. A.>, Korzh E. N.?

V. I. Vernadsky Crimean Federal University, Simferopol, Russia
2Sevastopol State University, Sevastopol, Russia
E-mail: vladgri@ukr.net

The aim of this work was to study inorganic phosphates as regulators of gypsum
curing process. Various substituted sodium phosphates — trisubstituted sodium phosphate,
sodium hydrophosphate, sodium dihydrophosphate, potassium and ammonium
dihydrophosphates were taken as objects of the study.

The most active of the studied compounds was trisubstituted sodium phosphate. As
expected, the inhibitory activity increases with increasing phosphate concentration up to
the studied concentration of 0.1 M. In contrast, monosubstituted sodium phosphate
(dihydrophosphate) showed very weak inhibitory activity at both high and low
concentrations. Interesting results were obtained for disubstituted (hydrophosphate)
sodium phosphate. In the initial concentration of 0.1 M, even a significant accelerating
effect on the process of gypsum curing was observed. At lower concentrations, the nature
of the action in principle changed to inhibition of the curing process, and the maximum
inhibitory effect is well expressed at a concentration of 0.0125 M and the inhibitory effect
is significant in comparison with sodium phosphate, hydrophosphate is only slightly
inferior in inhibitory activity.

It was interesting to study potassium and ammonium hydrophosphates and compare
the results with the data for sodium hydrophosphate. It was found that for potassium and
ammonium hydrophosphates, a clear accelerating effect was not detected, but the
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concentration dependences also show the maximum inhibitory activity, but at slightly
different (higher) concentrations than for sodium hydrophosphate.

It was interesting to compare the results obtained on the inhibitory effect of
phosphates with sodium citrate. The latter is definitely more active even in comparison
with tri-and disubstituted phosphates, but the effect observed for the studied compounds is
of considerable practical interest, especially since the commercial cost of sodium
phosphates is very low even in comparison with sodium citrate.

Keywords: gypsum, the inhibition of curing, sodium phosphate, sodium hydrogen
phosphate, sodium dihydrogen phosphate, potassium and ammonium hydrogen
phosphates.
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