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Aunorauusi. ITocmanoeka npoédnemwi. I'MICOBBIE BsDKyIIME BELIECTBA, NONy4YeHHBIE M3 (ocdorunca 6e3
NpeIBAPUTEILHON 00pabOTKH, MMEIOT HH3KHE (H3UKO-MEXAHHYSCKHE ITOKa3aTelIM IO CPABHEHHIO C BSDKYIIUMHU,
MOJIyYeHHBIMH M3 NPUPOIHOTO CHIPbA. DTO CBSI3aHO C MX BBICOKOH yIEIBHOH ITOBEPXHOCTHIO, YTO, B CBOIO OYEpellb,
BelleT K HOBBIMCHHIO BoJonoTpeOHOCTH. Kpome Toro, B docdorumce NpUCYTCTBYIOT TakkKe COeOUHEHUS (rTopa H
docdopa, KOTOpble HETaTHBHO BIMAIOT Ha KOHEYHYIO MPOYHOCTH. [109TOMYy HEHTpanmu3aumus 3TUX COCAWHEHHH U
YMEHBILEHNE BOAOIMOTPEOHOCTH THIICOBOIO BSDKYIIEro, IOJy4eHHOro M3 Qocdoruca, SBISIOTCS MPUOPUTETHBIM
3agaHueM. Ha oOCHOBaHMM TIpe/BapUTENBHBIX KCCIIEAOBAHUM HaMU TpeJUIOKeHa Hay4Has THIOTe3a, KOTopas
3aKJIroYaeTcst B cyxoi HeWrpanuzanuu GocdopHbIX u GropucThIX coequHeHni hochorumnca akTHBUPOBAHHON CMECHIO
KpeMHe3eMa U KapOOoHaTa KaabLus AJs IPOU3BOACTBA MIICOBBIX BSKYIIUX Ha ocHOBe (ocorunca. Ilens cmamou -
UCCJIEOBAaHUE BIMSHUS DPa3iMYHbIX NpuMeceil (u3BecTH, KapOOHaTa KajblIMS W MOJIOTOIO IecKa) Ha THIICOBOE
BSDKyILlEe, MOJydeHHoe H3 (ocdorumca, a TakKe IOBBIIICHHE BOJOCTOMKOCTH W YIyYIIEHHE TEXHOJOTHYECKUX
(hakTOpOB BsDKYLIET0 Ha OocHOBE (ocdorurca (BpeMs: TBEPACHHUS, BOJOTUIICOBE OTHOLICHHE U IIP.), YTO YMEHBLIUT €rO
HEJOCTaTKu M pacluput cdepy npumMeHeHHs. Bwiéood. VccnenoBaHus NMOKas3aid, YTO BBEICHUE MOJIOTOTO IECKa H
KapOOHaTa KaJbLHsi B Ka4yeCTBE HEHTPAIU3aTOPOB BOJOPACTBOPUMEIX Ipumecedl dochopa u ¢Topa mo3BoOISCT
3HAYHUTEIBHO CHU3UTH KOJIMYECTBO BOAOPACTBOPUMBIX (HOCHOPHBIX COCTUHEHHI, a BOZOPACTBOPHMBIC IIPUMecH (GTopa
MCYE3aI0T MOJHOCTHIO (Tabll. 6), 4TO MO3BOJNISAET HUCHONB30BATh (HOCHOTHUIIC TS HONYIESHHS BSOKYIINX, KOTOPBIE MOYKHO
UCIIONIb30BaTh B TPaXKJAHCKOM CTpPOUTENbCTBE. Kpome TOro, mpu AaHHOM METoJe HEeWTpalu3alud NpPaKTHYeCKH
OTCYTCTBYIOT BBIZICJICHUsSI (DPTOPHCTBHIX COEAMHEHUH MpU TEIUIOBOH 00paboTke, a (PU3MKO-MEXaHUYECKHE CBOMCTBA

monyruapat CaSO4 - 0,5H,0 Ha ocHOBe HEHTpan30BaHHOTO GOCOTHIICa COOTBETCTBYIOT Mapke [ BO—4.
YTUap Tp y p
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Abstract. Problem statement. Phosphogypsum-based binding materials without pretreatment have poor physical
and mechanical characteristics compared to binders made of natural raw materials. This is due to the high value of their
specific surface area, which in turn leads to an increase in water demand. Besides, phosphogypsum contains fluorine
and phosphorus compounds adversely affecting the final strength. Therefore, neutralization of these compounds and
decreasing water demand of phosphogypsum-based gypsum binder is the priority. Based on the preliminary research,
we offered a scientific hypothesis of dry neutralization of fluorine and phosphorus compounds in phosphogypsum by an
activated silica/calcium carbonate mixture used in the production of phosphogypsum-based binders. Purpose. The
research of the effect of various impurities (lime, calcium carbonate, crushed sand, etc.) on gypsum binder obtained
from phosphogypsum as well as the improvement of water resistance and manufacturing processes of phosphogypsum-
based gypsum binder (setting time, water-to-gypsum ratio, etc.) that mitigate its disadvantages and extend the scope of
application. Conclusion. The research has shown that after adding crushed sand and calcium carbonate as neutralizers
of water-soluble phosphorus and fluorine impurities can significantly reduce the amount of water-soluble phosphorus
compounds and make water-soluble fluorine impurities disappear completely (Table 6), which makes it possible to use
phosphogypsum to produce binders that can be used in civil construction. Moreover, this neutralization method almost
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doesn’t involve emissions of fluoride compounds during the thermal treatment, and besides, physical and mechanical

properties of the neutralized phosphogypsum-based hemihydrate CaSO,-0,5H,0 correspond to GVF—4 Grade.

Keywords: phosphogypsum; gypsum binder, effect; properties; ultimate compressive strength; setting time, normal density

IMocranoBka  mpobiaemMu.  binbmricte
XIMIYHUX  BHUPOOHUITB  XapaKTEePU3YIOTHCS
BUXOJOM  3HAYHOI  KUIBKOCTI  IOOIYHUX

OPOAYKTIB. YTumizamis iX, 3 OJHOTO OOKY,
CTIpUsiE CYTTEBOMY MiABUILEHHIO €()eKTUBHOCTI
poOOTH XIMIYHHMX MIJIPHEMCTB 1 CIPSIMOBaHA
Ha OXOPOHY HABKOJIMITHHOTO CEPEIOBUINA, a 3
1HIIOTO SIBJIAE cCOO00 OQMH 13 HUIAXIB XiMi3arlil

BUPOOHUIITBA OyniBeTbHIX MaTepiais,
3HIDKCHHS BUTpAT, iHTeHcudikarii
TEXHOJIOTIYHUX IPOIIECIB, PO3IIMPEHHS
AaCOPTHMEHTY  Ta  NiJBUIICHHS  SKOCTI
OyniBeTbHUX BUPOOIB.

Jost BUPOOHUIITBA OyaiBEIbHHUX

MaTepiajiB HaWOUIBII I[IHHYIO CHPOBHHYIO 3
BIIXOIB XIMIYHOI NMPOMHUCIIOBOCTI CTAHOBJISATH
NUIAKH  €JICKTPOTEPMIYHOTO  BHPOOHHUIITBA
dbocdopy, TrincoBmicHI, BamHsAHI 1 3aTi3UCTI
BIJIXO/TU, MOJIIMEPHI POAYKTH Ta iH. [1-3].
[imcoBi B'syKydi pEYOBUHHU, OTpUMaHi 3
docdorincy 6e3 monepeqHLOI 00POOKH, MAIOTh
HU3BKI (hi3uKo-MeXaHIYH1 MMOKa3HUKH
MOPIBHSIHO 3  B'KyYUMH, OTPHUMaHUMHU 3
npupoaHoi cupoBuHu. I[le moB's3aHO 3 iX
BHCOKOIO THTOMOIO TIOBEPXHEIO, 10, Y CBOIO
4yepry, 3yMOBJIOE IMiJBUIICHHS BOJOMOTPEOU.
Kpim Ttoro, y docdorinci npucyTrHi Takox
cnonyku ¢ropy i docdopy, sKi HEraTUBHO
BIUIMBAIOTh HA KiHIEBY MimHICTE. Tomy
HEUTpamizallis LHUX CIOIYK 1 3MEHIIEHHS
BOJIONIOTPEOH riIcoBOrO B'SDKYYOTO
oTpumaHoro, 3 ¢ocdorincy, - 1e mpuopiTeTHe
3aBJIaHHS. Ha mijcraBi MoTIepeTHIX
JOCHIDKEHb MU 3alPONOHYBAIM  HAyKOBY
rimoTe3y, sKa MOJSATae B CyXid He#Tpamizamii
dochopuux 1 dpropuctux crnonyk ocdorimcy

AKTUBOBAHOI  CYMINIIIIO  KpEeMHE3eMy 1
KapOoOHaTy  Kalpllil0  JUii  BHUPOOHUIITBA
TiNCOBHX B'SDKYYMX Ha OCHOBI Qocdorimncy
[1-8].

AHaJi3 ocTraHHIX  JOCTigKeHb Ta
nyoaikaiii. I'incoBMicHi BiaX0aH

YTBOPIOIOTHCS IMiJl Yac BHUPOOHMIITBA TaKUX
MPOAYKTIB: MiHEpaIbHUX KUCIOT ((hocdorimce i
dbocdonamiBrigpar, Ooporirnc, GpTop aHTiIPUT,
¢Toporirnc), opraHiyHUX KUCIOT (IIUTPOTINC Ta
iH.), Mg dYac XIMi4HOi OOpOOKM JepeBUHU

12

(rigposnizHui Tirnc), 0OpOOKU BOJHHUX PO3YHHIB

NesIKUX CcoJIieh 1  KHCIOT  (KpEeMHETInC,
TUTAHOTIIIC Ta 1H.), OYMINEHHS MPOMHUCIOBUX
razie, mo wMmictath SO, (cynwdorimnc);

BUPOOHMIITBA COJIEH 3 03epHOI pornu (POIHHIA
rine) [3; 7].

[3 TINCOBMICHUX MPOMYKTIB B HAWOUIBIIIH
KUTBKOCTI yTBOprO€eThcst (ocdorime. Ha 1 T

EKCTPaKIiHHOT dochopHoi KHUCJIOTU
(y mepepaxynky Ha 100 %  H3POy)
yTBOprOeThCcst  3,6...6,2 1T  docdorincy B

nepepaxyHKy Ha cyxXy pevoBuHy. Ha meskux
HiANpUeMCTBAX piuaMiA  Buxig  Qocdorimncy
nocsirae 2,5 MitH T. BapTicTh TpaHCTIOpPTYBaHHS
1 30epiraHHsi ¥oro y BijBaJlax CTaHOBUTH JIO

30 % zarampHOi  BapToCcTi  cmopyn 1
eKCILTyaTallii OCHOBHOTO BUPOOHHMIITBA.
®docdorinc  gBIse  co00K  BIAXOIU

CIPYaHOKHUCIIOTHOT TepepoOKH amaTuTiB abo
dhochopuris Ha dochopHy  KucCIOTY,
KOHIIEHTpOBaHi 2060 GochopHi 10OpHUBa.

Y mpomeci poO3KJIAIaHHSA — TPUPOIHHX
docdaTiB cipyaHOO KHCIOTOIO B PO3YUH
nepexouTh pochopHa KUCIOTA 1 yTBOPIOETHCS
BaXKOPO3UYMHHHIA cynbdar KaJIbIIiIo.
B 3arajibHOMYy BUMAIKy peaxilis PO3YUHCHHS
anmatuTiB 'y cymimi cipyanoi i1 ¢ocdopnoi
KHCJIOT Ma€ BUIJISIII

Ca,F(PO,),+5H,50, =
5CaSO, + HF +3H,PO,

(1)

Kpucraniunuit ocaxg cynbdaTy KambIlito
BIZIOKpEMITIOIOTE ~ Bil  ¢ocopHoi  KuCIOTH
GbiTpTpyBaHHSM.

docdorinc mictuts Big 80 1o 98 % rincy i
Mo>ke OyTH BiTHECEHHI 70 TilCOBOI CHPOBUHHU.
Bucoka pmmcnepcHicts ¢ocdorincy  (Spyur=
= 3500...3 800 CMZ/F) JI03BOJISIE BUKJIIOUUTH 3
TEXHOJIOTIYHOTO ~ TPOIeCy TOAPIOHEHHS 1
rpyouii momen. Pa3om i3 TUM BHCOKa BOJIOTICTh
dochorincy (mo 40 %) yckimagHIOE HOTO
TPAHCTIOPTYBAHHS 1 MIATOTOBKY 1 CIPHYMHIOE
3Ha4YHI BUTPATH MaJMBa Ha CylriHHA. HasBHICTH
y ¢ocdorinci BOJOPO3YHMHHHUX, OCOOIHMBO
dochopo- 1 (ropoBMicHHX  JOMIIIOK,
YCKJIAJIHIOE TepepoOKy BIiAXOMAIB MOPIBHSIHO 3
nepepoOKOI0 TPUPOJHOTO TIMCOBOTO KaMEHIO,
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BUKJIUKAE HEOOX1AHICTD MIPOMUBAHHS,
HelTpanmizanii Ta iH. 1 3yMOBIIOE BiJIOBITHO
OUIBIII BUCOKI TEIUIOBI BUTPATH.

3a 3BUYAIIHOIO TEXHOJIOTIE€I0 BUPOOHULITBA
rincoBi BSDKy4l Ha OcHOBI  Qocdorincy
HU3BKOSIKICHI, IO TIOSICHIOETBCS  BUCOKOIO
BojonoTpeboto  docdorincy 1 3yMOBIIOE
BEJIMKY MOPHUCTICTh YTBOPEHOI'O HAIMIBIipaTy.
SIxio BopomnoTpeda 3BUYAHOTO OY/AiBEIBHOTO
rincy craHoButh 50...70 %, TO st OTpUMAaHHS
TicTa HOPMaJbHOI I'yCTUHU 13 (HOCPOrinCcCOoBOro
B'SDKY4YOro 0e3 J0JaTKOBOi 0OpOOKM MOTPIOHO
Bogu 120...130 %. HeraruBHHM BIUIMB Ha
OyniBenbHI BIACTUBOCTI (ocdorincy AOMIMIOK,
SKi B HbOMY MPHUCYTHI, MOXHA JIEII0 3HU3UTU
nomenoM ¢ocdorirney i popmyBaHHSIM BHPOOIB
METOJIOM BiOpoykiananHsa. B 1mpomy BHUMmanky

AKICTh ¢docdorincoBoro B'SKYUYOTO
Hi/IBUIIYETHCS, X0Ya 1 3aIMIIAETHCS HIKYOIO,
HDK  OyniBeIbHOTO TimCcy 3  MPHUPOTHOI
CHPOBHUHH.

OcHoOBHI MeTonu TiATOTOBKU (ocdorincy
Yy BHUPOOHMIITBI TINCOBHX B'SKYYHUX MOXKHA
MOJIUTUTH HA 4 TPYIH:

1) npomuBanHs ocdorincy Boaoko;

2)  TOpoMHBaHHA B  TO€IHAHHI 3
HEUTpami3alielo 1 OCaPKEHHSIM JOMIIIOK Y
BOJIHIN CyCTICH3IT;

3) wmeron
JIOMIIIIOK;

4) BBeZeHHS N00ABOK, L0 HEUTPai3yrOTh,
MIiHEpaTi3ylOTh 1 PEryIIol0Th KpPUCTAIII3aIio
nepe/ BUMATIOBAHHSM 1 MiCIis HOTO.

Metoau nepuioi 1 Apyroi rpyn nos's3aHi 3
YTBOPEHHSIM 3HAYHOI KUIBKOCTI 3a0pyAHEHOi
Bomut (2.5 M  Ha 1 T (docdorincy), BeTUKUMU
BUTpaTaMH Ha IX BUAAJCHHA W OYMIICHHS.

TepMi‘IHOFO PO3KIIagaHHs

binpurict  MeTOAIB  TEPMIYHOTO  pO3Mady
noMimok  (3-1  rTpyma)  Ga3yeThcs  Ha
BUMAIIOBaHHI  (ocdorincy [0  YTBOPEHHS

PO3YMHHOTO aHTIIPUTY 3 MOAAIBIIOI HOTO
ripaTaimicero 1 MOBTOPHUM BHUIIATIOBAHHSAM 0
HamiBrigpaty. IIupokoro 3acTocyBaHHS BOHU
MOKH HE MAIOTh, TAK CaMO sIK 1 METO 4-1 rpyIu.
Jis peamizanii ocTaHHIX HEOOXimHI NeiUTHI

no0aBky, aie 1 BOHM He 3a0e3MedyroTh
MOCTIMHHUX BIIACTUBOCTEH B'SDKYUOTO.

[IpoBigHe wMmicuie B po3poOieHHI 1
MPAKTUIHOMY 3aCTOCYBaHHI TEXHOJIOT11

13

TINCOBHUX B'Ky4uX 13 ¢ocdorincy HalieKuTh
SAnonii, ®panmii, ©PH.
®ipma Knauf npomonye Tpu BapiaHTH

BUPOOHUITBA  B'Kydux 13 Qocdorimcy
3aJeKHO  Big  cepu  HOro  momanbmioro
BUKOPHUCTAHHS.

3a I-m BapiaHTOM 3a0pyaHEHHI
¢docdorinc TPOMUBAIOTE 1 (QIIOTYIOTH IS
BUJAJICHHS  BOJOPO3YMHHUX 1  TBEPIUX

JOMINIOK, TIOTIM JETiApaTyloTh Yy KOTJIax
NepioMIHOT abo Oe3nepepBHOT i
OTpuMaHuii YUCTHM MPOLYKT HE YUHUTH
pyHHIBHOI Jii Ha KapTOH, LI0 MOKpUBAE
MOBEPXHIO TaHesnei abo miuT.

3a 2-m BapianToM ckian Qocdorincy
BIJIMIOBIa€ CHIBBIIHOIICHHIO aHTIIPUTY JIO
HamiBrigpaty, ske pgopiBaioe 1:2. Cragis
OUMILEHHS BiJ] JOMIIIOK MOXXe OyTH Ti€l0 K,
oo 1 3a TepuM BapiaHTOM; CTYIiHb
OUMIICHHS MOXXHa 3HU3HTH 32 pPaxyHOK
3MEHILEHHS JJ03yBaHHS XIMIYHUX pPEareHTiB Ha
cramii duioramii. B mpomeci rpanynsmii 10
nerigparoBaHoro (ocdorincy A0Jal0Th BOIY 1
PEUOBMHHM, SIKI  OCQUKYIOTh  HEPO3YHHHI
CIIOTTYKH dochopy. [ToTim MPOIYKT
BUTPUMYIOTh Yy CIICHIAIbHUX peaKTopax, e
BinOyBaeThCs  yTBOpeHHA  (docdaTiB, ske
3aKIHUY€ThCSI B TIPOIECI BUIATIOBAHHS 1
po3scitoBanns [ 1-3; 7].

Mera crTaTTi - JOCHIKEHHS BIUIMBY
pI3HUX JOMINIOK (BamHa, KapOoHATy KaJbIliIo 1
MEJICHOTO TICKYy) Ha TINCOBE B’sDKyue,
onepkane 13 ocorirncy, a TaKOXK MiABUILIEHHS
BOJIOCTIMKOCTI Ta TOKPAIIEHHS TEXHOJIOTTYHUX
(akTopiB B’SKy4oro Ha OCHOBI (ocdorimncy
(4ac TBepIHEHHS, BOJOTINICOBE BIIHOIICHHS
Ta iH.), MO0 3MEHIIUTh HOTO0 HEIOJIKH Ta
PO3IIUPUTH cPepy 3aCTOCYBAHHS.

Buxaan marepiamy. g npoBeneHHs
JOCIIIJDKEHb ~ BHKOpUCTaHO  ¢ocdorinc i3
KOHBeepa  JIHIMPOA3EPKUHCHKOTO  3aBOAY
MiHepaneHux 106puB TY V 26.5.30299063-
003-2004  «®ocdorinc  npiOHO3EPHUCTHI
Mapku OMI». Bwmict CaSO4 2H,O B
ocymeHoMy mpoaykti - 91,2 %; BomoricTe
rirpockomiuna - 15,7 %; muToMa mMOBepXHs
3000 cm’/r. Bmict ¢ropuctux i dochoprux
CIIONTyK HaBeACHO B Ta0muii 1.
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HasBhicte  dochopy 1 dropy B
docdorinci, BrkazaHux y  Tabmmmi 1,
HiATBEPKYE peHTreHorpama (puc. 1 a).

MeToquka  JIOCHIKCHb — TOJsTajia B

TakoMy: BoJoruil Qocdorinc nepeminryBaid 3
MEBHOIO KIJBKICTIO aKTUBHOI no6aBku. Cywmimn
BUTPUMYBAJIU MPOTATOM 48 TOJMH.
PenTreniBchkuii aHai3 docdorimncy
MPOBOJMIIM 70 1 TCHsA HEWTpamizamii, 1o
QB0 MOXJIMBICTH CYIOUTH TIPO TEPEXil
Bojgopo3unHuux P,Os 1 F B Hepo3uuHHI
croayku. Takox IpOBOAMIIN TEIJIOBY 00pOOKY
KOHBEEPHOTO 1 HeHTpamizoBaHoro Qocdorimncy
JUISI BH3HAYEHHS ONTUMAIBHOTO  PEKUMY
BapiHHS, TOKCHKAIl mpomecy 1  SKOCTI
OTPUMAaHOI0 B'SKY4OTO (HamiBrigpary
cynbdaTy Kalbllilo).

SAx akTUBHY [100aBKY 3aCTOCOBYBAJIH:
HEraieHe BalHO, MEJICHHUH MICOK 13 MHUTOMOIO

2
nosepxueto 2 000...2 500 cm*/r, kapOonar
KalbI[if0o, a TaKoX CyMilll 3a3HAa4YeHHUX
KOMIIOHEHTIB.

[TopiBHAHHS TPOBOAWIM 32 KIJIBKICTIO
BOJIOPO3YMHHUX CHOIYyK ¢ochopy 1 ¢Topy
docdorincy 1o 1 micns HelTpamizaii 1 ¢pi3uko-
MEXaHIYHUMH BJIACTHBOCTSIMHU B'SDKYYHX
pPEYOBUH, OTPUMaHUX Ha OCHOBI ¢ocdorincy
KOHBEEPHOTO 1 HeHTpamizoBaHoro. Y mporeci
BapiHHSA KOHBEEPHOTO docdorincy
CIIOCTEPITa€ThCS CUJIbHE BHIIJICHHS JICTIOUUX
JOMIIIOK ¢GTopy 1 Il HE J[A03BOJSE BECTU
TEXHOJIOTIYHHIA TPOIIEC Y BUPOOHUIUX YMOBAX.
B'sbokyde  Mae  BHCOKY — BojomoTpely, a
MOKA3HUKK MIIHOCTI  BiJMOBIJAIOTh  MapIli
[2-T3 (tabn. 2—4), mo 3HAYHO OOMEXKYE
o0JacThb 3aCTOCYBAaHHS OTPUMAHOTO
HAMIBTiApaTy Cyab(aTy KaIbLiko.

Tabruysl
Bwmict ¢ropuais i ¢pocdaTis Ha ocymieHHii NPOoAYKT B
nocaimkyBanomy ¢ocdorimnci /

The content of fluorides and phosphates in the

studied phosphogypsum sample (dry matter basis)

Ne HailimenyBaHHs Blﬂg%l;ﬂso DakTH4HE
n/n [MOKa3HHUKIB B)?;2.7—1—93 3HAYCHHS
BwmicT 3aranpHoro ¢oc-
bopy (B mepepaxyHKYy
1 Ha P,0s),% mo maci, 1,5 1,0
He Oinbine
BMicT BOOZOPO3YHMHHUX
bocdaris (y mepepa-
2 xyHKy Ha P,05),% mo 1,2 1,2
Maci, He Ginpie

14

BwMmict ¢propuais (y me-
3 pepaxyuky Ha F),% mno
Maci, He Oinblie

0,4 0,37

BMicT BOZOPO3YHHHUX

4 ¢Topunis (y nepepa-

xyHKky Ha F),% mo wmaci,
He Oinpie

0,3 0,20

Tabruysn 2

Bnumus CaO nakinuesixapakrepucruxkudgocdorincy /
The effect of CaO on the final properties of

phosphogypsum
MinHicts Tepminu

docdorimne, | CaO, yepes 2 BT | TyxaBneHHs,

% % roguau, MITa xB™X
3rHH | CTHCK 1104. KIiH.
100 0 2,3 34 |09 | 3%° g%
100 1 1,5 24 1075 6% | 10%
100 3 1,3 2,1 (083 7% |18%
100 5 0,7 13 080 10™ [22%
Tabruysa 3

Bnuiue Mos10TOr0 Nicky Ha KiHIeBi XapaKTepUCTHKHU
docdorincy / The effect of crushed sand on the final
properties of phosphogypsum

Minnictsh Tepmiau
®ocdorimnc, | ITicok, yepes 2 B/ | TYKaBICHHS,
% % roaunu, MITa xB°¢

3MHH | CTHCK mo4. | KiH.

100 - 2,3 3,4 0,9 330 | 800
100 5 2,2 3,5 0,8 330 | 500
100 10 2,5 3,7 0,8 400 | 500
100 15 24 36 | 083 | 500 | 630
Tabruys 4

BB kapOoHaTy Ka/blil0 Ha KiHIeBi XapakTepu-
ctuku pocdorincy / The effect of calcium carbonate
on the final properties of phosphogypsum

Miunicts Tepminu
docorirc, Kap6qHaT yepes 2 BT TY>KaBJICHHS,
% KaJl(I:/ILI}O, roauan, MITa xB™"

° 3TMH | CTHCK 3TMH | CTHCK
100 - 2,3 34 0,9 330 800
100 1 2,2 3,6 0,75 | 500 700
100 2 2,0 34 0,76 | 530 1000
100 3 1,9 34 0,78 | 530 930

PesynbTaTi  mOCIHiKEHb TOKa3aJiv, IO
MIOCTIJOBHE BBEACHHS HEralieHOro BarHa,
KPEMHE3EMHUCTOr0 KOMIIOHEHTY 1 KapOoHary
KaJIBI[II0 3HIKYE BUIUICHHS JICTIOUUX JOMIIIIOK
¢ropy (tabnm. 2—6) 1 miABUILYE MIIHICTh
3aTBepAUIOTO B'shKydoro. TeopermuHo aHami3

nepexony BoaopozumHHux P,Os 1 F B
HEPO3YMHHI  CIIONYKA  JO3BOJUB  3pPOOUTH
OPUITYIIEHHA, [0 3  MeTow  Oinbiioi
e(EKTUBHOCTI HelTpanizamnii BKa3aHUX
JOMIIIOK  CHiJ  3acTOCYBaTH  KOMILIEKC
KOMIIOHEHTIB.
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3a Takuii KOMIUJIEKC BUOPAHO CYMIIll aKTH-
BOBAaHOTO KpeMHE3eMy 1 KapOOHATy KaJbLii0
(Tabu. 5).  XapakTepHCTHKH  MIITHOCTI
BIJIMOBIAAIOTH Mapii B'sokydoro [—4 1 €
HMOBIpHICTh Yy pa3l onTuMmizamii pexumy
BapiHHSA HEUTPaIi30BaHOTO docdorimncy
nigBunmty ii 1o I'—5-T—6. Takox BiacyTHii

3arax mij 4yac BapiHHA.
Tabnuys 5

Bnuius micky i kapOoHaTy KaJbLil0 Ha KiHLeBi xa-
paktepuctuxku docdorincy /
The effect of sand and calcium carbonate on the final
properties of phosphogypsum

Kap- MiHicTs Tepminu
do- . Go- yepes 2 TY)KaB-
co- M- —_— TOJIUHH, JeHHs1, XB°*

. COK, MIla B/
rirmc, o KaJlb-
% 0 uiro, | 3THH | CTHCK 3TMH | CTHCK
%
100 0 0 2,3 3,4 0,9 330 800
100 10 2,2 43 0,73 430 700
100 15 1 1,8 3,1 0,72 530 | 1000
100 10 0,5 2,5 3,3 0,74 400 530
100 10 1,5 2,4 3,3 0,76 530 | 1000
100 15 1,5 2,5 3,6 0,76 530 800
100 5 1,5 2,1 3,2 0,77 500 900
100 5 1 2,0 3,3 0,82 400 830
Tnwn/e
100+
B00 ¢ =
LT 3
400
00 & 5
5 15 25 35 45 55 65 75
a
III\III-'l'
1400 g =
12000 1 ;
1000 )
800 L
600
400 i 8
200 | RS -
0 d o o 20
5 15 35 75

5 s e
o (b)
Puc. 1. Penmeenocpama gocepozincy:
a — KOHBEEPHO20, O — Helimpanizoeanoo /
Fig. 1. X-rayphotographof (a) conveyortypeand (b)
neutralizedphosphogypsum
PentreniBchkuil aHamiz TmokazaB, L0 Yy

HelTpanizoBaHoro ¢ocdorincy (puc. 1 0),

15

YTBOPIOIOTHCSI HOB1 CIIOJIYKHU MOPIBHSHO 31 3BU-
qaifHuM Qocgorincom (puc. 1 a).

Ha pentreHorpami @) MOXHa BiJIMITHTH:
CaCOs; 244; 191; 1,86; 1,48; 1,41;
CaSO04-2H,0 — 7,56; 4,29; 3,72; CaSO4 —
2,46; 2,19; 1,64; 1,59; 1,48; 1,42; 1,27; P,Os —
3,15; 3,72; 2,44; 2,24; Na,SiFs — 1,96; 1,66;
1,39. Ha mna penrreHorpami 0) mpuCyTHi
HEpo3uuHHI cronyku ¢Gropy 1 pochopy: SiO; —
3,31; 2,28; 1,63; 2,05; CaF, — 3,16; 1,93; 1,37;

CaHPO42H,0 7,62; 3,03; 2,62; caign
rigpocuiikaris 3,3; 2,7.

ITicasa HerTpam3anii KOMILIEKCHOKO
n00aBKoIO, 110 CKJIaJA€ThCS 3

KPEMHE3EMHUCTOT0 KOMIIOHEHTY 1 KapOoHaTry
KaJbI[if0, TMPOBEICHO XIMIYHHN aHami3 13
BU3HAUEHHS BMICTY BOJOPO3YMHHUX CIOJYK
¢Topy 1 ¢ocdopy. Pesympratn HaBemeHi B
Tadymi 6.

Manuii  BMICT BOJOpPO3YMHHHUX CIIOJIYK
tbocdopy i bTopy JI03BOJISIE
nepekiacu(ikyBaTH OTPUMAaHUN MPOAYKT Ha
(dhocdorinc KOHAUIIHHUN.

Tabruysa 6
BwmicT ¢propuais i pocharis Ha ocymennii npogykT
y docdorinci micsast HeiiTpasnizamii /
The content of fluorides and phosphates

in the phosphogypsum sample (dry matter basis)
after neutralization

Bignosiguo
JCTY b
B.2.7-1-93

dakTuyHe
3HAYEHHS

Neni/n | HaliMeHyBaHHS MOKa3HHKIB

BwMmicT 3aranpHoro ¢oc-
1 ¢dopy (y mepepaxyHKy Ha
P,0s5),% no maci,

He Oinbuie

L5 0,50

BwMmicT BOZOpO3YMHHUX

bocdatiB (y mepepaxyH-

Ky Ha P,05),% no maci,
He Oinbiie

0,15 0,05

BwMmicTt ¢propunie (y me-
3 pepaxyHky Ha F),% mo
Maci, He Ginpmie

0,4 0,05

BMicT BOOZOPO3YHMHHUX
¢bTopuniB (y mepepaxyH-
ky Ha F),% mo maci,
He Oiabuie

0,03 0,00

BucHoBku. JloCIiDKEHHSI TOKa3ala, IO
BBCJICHHS MEJIEHOTO IIcKy 1 KapOoHary
KaJIBIII0 SIK HEWTpaii3aTopiB BOJOPO3UMHHHX
noMimok (ocdopy i GpTopy n03BOJISE 3HAYHO
3HU3HUTHU KIJIBKICTh BOJIOPO3YMHHUX
(hocopHUX CIOITYK, a BOJOPO3YUHHI JTOMIIIKH
(¢Topy 3HHMKAIOTh MOBHICTIO (Tabm. 6), 110
JI03BOJISIE  BUKOPUCTOBYBAaTH (ocdorine s
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OJIepIKaHHS B'SOKYYUX, K1 MOKHa  CIIOJNYK Mijf 4ac TeIIoBOi 0OpoOku, a (i3uKo-
BUKOPHCTOBYBAaTH B IIMBUILHOMY OYHIBHHMIITBI.  MeXaHi4Hi BIAacTHBOCTI HamiBrizpary CaSOy -
KpiMm Toro, 3a mporo MeToay HeWTpamizamii 0,5H,O Ha OCHOBI HEUTPaTi30BaHOTO
NPaKTUYHO BiACYTHI BuAUIEHHS QTopuctux  (docdorincy BinnosinaroTs Mapii [ BO—4.

—_
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