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A HJJ O T a llHSI 

l l cc HeLlyiOTCSI YCllO BHSI !I O.'lY'teHHSI n pO '!H biX C.rlOeB y paH a fj8 ClriiOMH Hiili M 8 T OD 0M 3r18KTp'J-

38M81 II 8 Hiill / rt e \-r e HT :1 1lHii / , M e TO D no3BO.rl S1 8 T non y 'lriTb cnoH D BYO K H'CH ypaHa T o nrHHHOM 

0, 6 - 0 ,8 :-r r / cM
2 

Ha 8 .rl10 :VIHHH 8 B b ! X CfJOrlbrax , T O.rliUHH OH 5 M K, 

.J. nrandslf'tr, Wang Tn., r;- Sheng, V. \ . Volkov 

Pi~Fl' .o\P.t\Tim-1 OF Tl!I~ FIUlS OF (!I!A~Jll\1 llJOXIDE 

ON M.l'~ ~ INil'M Sl!RF ACES. 

,\ b s t r a c t 

Conditions of preparing adrerent deposites of uranium on aluminium surfacP.s by inner el ectrolysis 

'lre studied. The method allows to get deposites of uraniurr dioxide, 0,1;-C\8 mg U / ern 2 of thickness , on 

s,, alum iniurr. fcil s. 
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BBEDEHV! E 

ilm'l H3y'I e HHH 3 H epreTH'I9CKOH 3 8 B HCHMOCTH H119pab!X pea K UHH , KOTOpb!e MOT'YT npOHC-

X0 111iTb rrpH B38HM0119HCTBHH T~PK9JiblX HOHOB C ypaHOM, Y110 6HO 11CITOJib30B 8Tb CTO ITKH TOH-

KHX cfJOJlbT', ITOKpbiT b! X p8BHOMepHbiM CJI09M y p aHa . nocne o6ny'I 9HH H cpOJibf' H OT 11 9 JISIIOTCSI 

11pyr OT 11pyra H ll011B9p T'8 IDT CH pa11HOX H M H 'I9CK O R o6pa 6 0 TK9 C U9JibiD Bhl11 9JI9HHH Orrp e11e 

JI9HHblX p8 11H08KTHBH b!X H30TOITOB . 1..{8LU9 BCerO HCITOJib3YIDTCSI TOHKHe 8JI IDM HHH9Bble cp OJibT'H, 

o6na11BIOLUHe Manoa TopM 03HO il cnoco6HOCT b iD H x opow eil T ennonpoB011HOCTbiD . 

8 H8CT0Hll{ee Bpei\ r H H3B9CT9H U9Jiblil pH11 M 9T0110B H8H9C9HHH TOHKHX CJI0 9 B ypaHa H8 

ll011JIO)I{KH H3 p a3 JIIi'IHb!X M8T9pH8JIOB: B b iCYWHB 8 HH9 H np O K 8JIHB8HHe OpT'8HH'I9CKHX paCTBOpO!! 

11,21 
HHTpa Ta ypaHHJI8 , OC8 )i(119HH9 TOHKOi! B3B9CH IT011X011 SI W€!"'0 HepaCTBOpHMOT'O C0911HH9HHH 

11,3,41 151 16 1 
ypaHa , KaT011HOe pacnbineHH e , aneKTporj'lopea • Ha116onee '-!acTo Iicnonba y eTcH 

17-13 1 I 141 
3JI9KTpOJIH3 113 K QMU JI9KCHhlX HJIH CITHpTO - aUeT OHOBhlX p8CTB OpOB, 011 H8KO, B cny-

'!Be 8JIIDMHHH €BOH ITO.LI JIO :>i< KH n o ny'-lHTb 011HO p 011HbiJ'.l: , np O'-!HblH H 110CT 8TO'IHO TOJICThlil CJIO!t 

115 ,1 .] / 
11 0BOJibHO Tpy11HO • 

npOCTOi! H 6b!CTp b!H M9T 011 llOJIY'I9HHSI npO'I HbiX CJI09B OKH CH ypa Ha H 8 8JIIDMHHHH 6hiJI 

117 I 
npe11JIO}KeH Cxopxoil B a T OM MeT011e HcnonbayeTc H 3Ha '-!H TeJibH a H snexTpononO)I(HTenb-

HOCTb 8 JIIOMHHH H I ITOT9HUH8JI CI1.CT€Mbl 
3+ 1181 

AI I AI 1, 66 V 1, 6naro11apH xoTopoil OH MO)I(eT 

BOCCT8H8BJIHB8Tb npH ll011X 011H lLl H X y cnOBHHX HOH y p a HHna. A moM HHH 9 B8H ITOBepXHOCTb, Ha KO

TOpyiD H906X011HMO H8H9CTH y p aH, O'IH!.U89TCSI H 8)i(118'IHOi! 6yMBT'OH H onycKaeTCH B paCTBOp 

HHTpaT a ypaHHna . B peaynhT a T e snexT pOXHMH'Iecxoro 3aMeLUeHHH lueMeHTaUHH I Ha noaepx

HOCTH 8JIIOM HHHSI o6pa3yeTCH CJIO!t OKHCH ypaH a , KOT OpOJ'.l: 8 BTOp nplillHC biBaeT COCT8B U 3 0 I. 

119 1 
npouecc ueMeHT8UHH o6'bHCHSI9TCSI B pa6oTe • Cne.LiyeT, 011H8KO, OT M 9THTb, 'ITO ycnOBH!t 

9JI€KTpOXHM H'I9CKOr O 38M9W€HHH He 6hiJIH 110 CHX llOp ll011p06HO HCCJI9110B8Hblj HM910LUH9CSI 

11BHH hie Mano'IHcneHH hi H qacTo npoTHBope 'IHBhi . Tax, H anpH M ep, peKOM 9H11Y9M hie 3Ha'le HH H 

14 1 120 1 
pH paCTBOpa - 3 HJIH 118)1(9 5 B006 I.Ue np OTH BOp9'I8T 118HHbiM 0 r'H11p0JIH39 ypa-

121 221 
HHJI-HOH8 B B011HhlX paCTBOpaX ' 

B HacTOHLUeil pa6oTe npoB011 HTCSI no11p06Hoe H c cne110BBHHe BJIHHHHSI pa3nH'IHhiX cpaKTO

poa Ha npouecc 3aMeLUeHHH c uenbiD onpe11eneHHH HaH6onee Bhir011HhiX ycnoBHA 11JIH nonyqe 

HHSI ITpO'IHbiX CJI09B OKHCH ypaHa Ha TOHKH X 8JIIDMHHH9Bb!X cP0JibT'8X. 

1. V!CCnE .DOBAHV!E ¢AKTOPOB, Bnvt5UOill_V!X HA OBPA30BAHYfE 

CnOH OK V!CV! YPAHA HA AniOMYfHV!V! 

06pa60TK8 llOBepXHOCT!i 8JIIOMHHHSI 

n OCKOJibKY npouecc 38M9LU9HHH ITp OHCX011HT Ha ITOBepXHOCTH 8JIIDMHHHH, 06pa60TK 8 3TOH 

ITOBepXHOCTH HM99T O'I9Hb 60JibWOe 3H8 '19H H9 . 

123 I 
Kax H3B9CTHO, aniDMHHHil acer 11 a rroKp hiT cno eM OKHCH pa3mi'IHOA TOJILU HHhi , KOTo.-

3 



paR nocne y n aneHHR 6hlCTpo 
/ 24 / 

o6paayeTcR BHOB& • B HawHx sxcnepHMeHTax Mbl 

HCnOnb:30BanH nnsr O'IHCTXH. ITOBepXHOCTII npOMbiBKy OpraHH'I9CKHMH paCTBOp HT9nSIMH 1 Tpaa-

116HHe B pacT BOp aX, con ep:lKalliHX yxcycHyiO KHCnoTy H MeXaHH'I9CKYIO O'IHCTKY. M exaHH'Iec

Jt8SI O'IHCTKa ToncTblX cpon&r npor-! asonHnac& c noMOlllbiO Ha:lKnaqHoll: 6yMarH. ToHKHe cpon&

rn / 5 MK / o6pa6aTbiB8nHCb TOHKHM nopOWKOM K a p60H8Ta Kan&UHR, nopOlliOK Kap60H8T4 

K81IbUHSI nonyqanCSI OTMY'IHBaHHeM B Bon e H paCTHpa ncR no noBepXHOCTH cpOnbrH B8THbiM 

T8MITOHOM 1 CMO'! e HHhlM B X110pOcp0pMe, 

Ha flWC . 1 noxaaaHo HapacTaHHe enoS! OKHCH ypaHa HE! noaepXHOCTH a niOMHHHSI, o6pa-

6oTaHHOll: pa3H biMH cnoco6aMH, Ha ocHO.BaHHII nony'leHHbiX naHHbiX MO:lKHO cnenaT& BbiBon, 'ITO 

M exaHH'IecxaH o6pa6oTxa aniOMHH HH aaH6onee 3cpcpeKTHBHa. Han 6onee ToncT&Ie, npO'IH&Ie 

2 
C1lOH OKHCii ypaHa no 3,5 Mr / cM 6bi1lH nony'I9Hhl H8 MaCCHBHblX 8 niOMHHHeBbiX nonnO:lKKaX, 

noaepXHOCTb K OTOpbiX TwaTe n&Ho O'IHwanac& Ha:lKna'IHOil: 6yMaroiL Ha iiJon&rax / 5-15 MK I, 

O'IH I.UeHHhlX K ap60HaTOM Kan&UJISI, MO>KHO nony'IHTb OnHOpOnHbl9 H npO'!Hble CnOH OKHCH ypa-

2 
H 8 TOnlliHHOil: no 0,6-0,8 MI"ICM , 

Y senH'!eHH9 nOBGpXHOCTH HnH ynaneHHe enOS! OKHCH aniOMHHHR TpaBneHHeM HG naeT 3a

M eT HO I" O npeHM y LU eCTBa, CnoH OKHCH ypaHa Ha llOBepXHOCTSIX, C KOTOpblX 6&In CHSIT TOnbKO 

:lKHp o p raHH'I9CKHM H paCTBOpHTe1!SIMH 093, MeXaHH'!eCKOil: O'IHCTKHJ nony'!aiOTCSI B 601!bWHHCTBE.' 

cnyq a e s H e npO'IH blMH H HeOnHoponHbiMH, 

npO'IHOCTb H 3Ha"!HTell&HaH TOni.UHHa C1IOSI npH M9XaHH'I9CKOlt O'IHCTKe alliOMHHHSI C no

M O LU biO Ha :lKn a'I HOlt 6 y MarH, no-BHnHMOMy, CBH3SHa npe:lKne BCero C yBellH"'GHHGM noBepx

HOCTH MeTa lllla npH TSKOlt o6pa60TKe, Cse:lKHil: paBHOMepHbli!: CllOil: OKHCH SlliOMHHHH B o6weM 

MallO 38MennHeT CKOpOCTb peaKUHH 3neKTpOXHMH'IGCKOI"O 3aMell.IGHHH. 

KoaueaTpaUHH pacTBOpa HHTpaTa ypaHMna H BllHHHHe 

ITOCTOpOHHHX npHMeCeil: 

HaHny"'wHe pe3 y nhTaTbi 6bi ilH nony 'leHbl npH KoHueHTpauHH U0
3
(N0

3
)

3 
611

3
0 

-2 -2 
a p a cTaope 1.10 -8.10 M. B 6onee paa6a sneHHbiX pacTBopax nocTeneHHO HapacTaiOwaH 

KOHUeHTp8UHH HOH08 AI 3 + MewaeT o6pa30B8HHIO T01ICTOI"O CnOSI, npH KOHUGHTpaUHH HHTpa-

-2 
Ta ypaHHila, npea bl waiOwei!: S,lO M, OKHCHaR nneHKa ypaHa o6paayeTcR O'IGHb ObiCTpo H He-

pa»HOM epHO. 

Ha pu c . 3 noxa3aHo HapacTaHHe cnoR OKHCH ypaHa H3 pacTBOpoa paallH"'HOll: KOHUGHTpa

UHH HHTpaTa ypaHH1l8, 

npoueccy OCa:lKneHHSI C110SI OKHCH ypaHa npenSITCTBYIOT aHHOHbl, ot5pa3yiOLUH9 KOM filiGKCbl 

-2 
c HOHOM ypaHHna. Tax, HanpHMep, B 5.10 M pacTBopax HHTpaTa ypaHHna 3Ha'IHTellhHO nOHH-

>K aeTC SI CKOpOCTb o6pa30B8HHR CllOSI OKHCH H yxynwaeTCR Ka"!9CTBO CllOSI B npHCYTCTBHH cyllb· 

cpaT-HOH8 C K OHU9HTpaUHeil: 0,2 Mr / M1! HllH HOHOB F npH KOHU9HTpaUHH 0,3 MI"IM1!, J.10Hbl 

XnOpa npH KOHUGHTpaU HH 5 Mr / Mil HapyWaiOT paBHOMepHOCTb enOS!, 

J.13 KaTHOHOB OblllO HCCilenoBaHO npe:lKne Bcero BllHRHHG HOHOB a1l10M HHHSI, nepexonRLUHX 

B paCTBOp He TOilbKO BCilencTBHe 3119KTp03aMeLU9HHH HOH8MH ypaHHna, HO TO:lKe 3a C'!9T paCT · 

BOpeHHH alliOMHHHH B c11a6o KHCnbiX paCTBOpaX HHTpaTa ypaHHna C BbineneHHGM BOnopona. 
3+ 

8blll0 ycTSHOBneHO, 'ITO C pOCTOM KOHU9HTpaUHH HOHOB AI B paCTBOpe, CKOpOCTb oopaao-
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K Mbl 

Tp a a-

X8HH'Iec-

H8T4 

~8THbiM 

1, o6pa-

b!BOD., 'ITO 

l'IHbl9 

~no>KJtax, 

5-1 5 MKI. 

KHCH ypa-

! a.aeT aa-

TOilbKO 

JllblllHHCTBe 

H IHI C no-

noaepx

B o6meM 

p8UHH HHTpa-

!CTpO H He-

KOHU9HTpa-

~ KOM nneKCbl 

·enbHO noau-

rTCTBHH cyllb· 

, IM n. VI oHbi 

nepe XOD.SilllHX 

a a c qeT pacT· 

BOD. opoa.a. 

•OCTb o6paao-

B8HHSI OK HCHOf'O Cll051 nOHH>K89TCSI / puc. 2 / , VIOHbl Fe J+ npH KOHU9HTp8UHH 0,1 Mr/wn Bbl-

3 biB8K>T aHa'IHTenbHYK> HepaBHOM epHOCTb npH oca>KaeHHH nneHKH OltHCH ypaaa. Hoabl Cu 2 + 

M9lll8K>T npH KOHU9HTp8UHH 0,1 Mr/Mn. VIOHbl M9.llH, 6biCTpO BOCCT8H8BilHB8Klll1H9C51 H8. no

B9pXHOCTH 81110M HHHSI, o6pa3yK>T nneHKY M9D.H, KOTOpaSI M9lll89T o6p430B8HHIO npO'IHOf'O CllOSI 

OKHCH yp8H8. 

J!!,nHSIHH9 TeMnepaTypbl 

B peayllbTaTe pS!.lla axcnepHMeHTOB 6binO Halt ae Ho, 'ITO HaH6onee Bblf'O.llHO pa6oTaTb s 

0 
D.H8n830He TeMnepaTypbl 75-85 C. npH 6onee HH3KHX TeMnepaTypax p98KUHSI 3119KTp038Me- ) 
ll19HHSI npOT9K8eT 0'19Hb M9.llll9HHO, npH TeMnepaTypax Bbi We 85° CllOlt OKHCH ypaHa ofipaay- ;o fl 
9TCSI CllHlllKOM 6blcTpO H nonyqaeTCSI H9p8BHOM9pHbiM, BnHSIHHe KOHU9HTp8UHH p8CTB0p8 HHTpa .. I -i_ I.-

T8 yp8HHI18 H ero TeMnepaTypbl H8 CKOpOCTb ofip830B8HHSI OKHCHOft nneHKH nOK838HO H8 pHc.S. 

BnHHHHe pH 

HaH6onee noa.xo; J; Hwee aHa '19HHe pH pacTsopos HIITpaTa ypaHHna ne)I{HT a HHTepsane 

2,2-8,0. 0HO H9CKOilbKO Me HSI9TCSI B 38BIICHMOCTII OT KOHU9HTp8UHH HOHOB 

o5pa60TKH nosepxHOCTH aniOMHHIISI / eM. Ta6n11uy 1 I. 

KoHueaTpauHH 

uo~+, M 

o,os 

0,08 

0,01 

0,01 

Ta6nHua 1 

Cnoco6 

o6pa60TKH AI 

Ha)l{.£l8'1HaH 6yMara 

CaC0 3 

H a >Kna~HaH 6yM ara 

CaC0 3 

0nTIIM81lbH09 

2,2-2,8 

214-2,8 

2,3-3,0 

2,6-3,0 

pH 

UO 
2 + 11 cnoco6a 
2 

VIa pHC. 4 BIID.HO, 'ITO B 6onee KHCIIOM paCTBOpe OKIICH8SI nneaK8 o6paay9TCSI 6biCTpee . 

npH pH HII>Ke '19M 2,0 npOIICXO.llHT .llOBOilbHO OblCTpoe paCTBOp9H119 811IOMIIHHSI . c BbiD.9-

119HH9M BO.ll0p0.ll8, B pe3yllbT8Te '19f'O CllOlt OKIICH ypaHa OK83biB89TCSI HenpO'IHblM II 0Tfi8D.89T 

y B911H'I9HII9 p H paCTBOpOB Bblill 9 3,2 npHBO.lliiT K B03p8CT8HIIIO f'll.llp0111138 He TOil&KO IIOHOB 

ypaHIII18, HO TO)I{9 811IOMHHIISI, 'ITO .ll91189T H9B03M0)1{HbiM nony'I9HH9 CllOSI OKHCH ypaHa. 

II. COCT AB cnoH OK YICYI YP AHA 

6blnO YCT8HOBI19HO B9COB_biM nyTeM, 'ITO CllOft OKIICH ypaHa H8 811K>MHHHII, o6p83YIOll1Hi1CSI 

6 .. uo2 /Cxopxa
117 

I npH 8119KTpOXHMH'I9CKOM 38M9ll19HHH, npe.llCT8BilS19T CO On .llBYOKHCb ypaHa 

npeanonaraeT o6paaoBaHHe I. 

/8 10/ 
Haw BblBO.ll COBnaaaeT C .ll8.HHblMH D.pyrHX 8BTOpOB ' , KOTOpbl9 np08H811H311pOB8.1IH 

peHTf'9HOrpacPH'I9CKH cnoft OKHCII ypaHa, ofipa30B8BW9ftCSI H8. 8.11IOMHHHH 911CKTp011HTH'l9CKHM 

nyTeM. 

HeCMOTpSI H8. '18.CTH'IHYIO nOilHM9pH38.UHIO HOHOB ypaHHI18. B p8CT80p8X HH1p8T8 yp8HHI18 

-2 -2 /22/ 
npH KOHU9RTpauHH 1.10 -8.10 M npH pH 2,2-3,0 , peaxuHIO sneKTpoaaMeweHHSI MO>KHO 

BbipaauTb ypasaeaHeM .3Uo:+ + 2Al = .3U0 2 + 2 Al s+. 

c 
~ 

I 



/'' 

HapH.ay c 3TH!\! npoueccoM o.aHoepeMeHHO rrpOHCXO.QHT pacTeopeHHe amoMHHHSI c Bhi.aeneHn:-

e ~ 1 eo.aopo.aa 

+ 3+ 
2 AI + 6 II = 2 AI + .3 H 2 • 

,_ 
' \ 

III. BnJ.-1HHYIE flPOKAIIYIBAHYlfl HA CEfl3b CIIO.H OKYICYI YPAHA 

C AlllOM 11HYIEM 

l1 p H li p OKBJli·I BB H fi H H B B0 3::I y-<e U0
2 

OKHCliSI9TCSI .llO U 3 0, , T8K 'ITO Bee OC8.llK8 

2 
y ee JIH'iHB89T C H. 1Jn11 c no e B, TOllll.I HHB KOTOpb!X lip€BbiW89T 200-250 MKrU /eM , npH npoxanH-

B B HHH H a6n~.aanocb pacTpe cKHBBHHe nepeoHa'lanhHO rrnoTHoro enoS!, OpH 3TOM rrpO'IHOCTb 

C ll€li J19HIHI CJ!OH C liO.ll J10 i i<KOi1 YX Y 1l l U 8 8 T C SI H BCTOllbKO, 'ITO OKiiCb ypaHa MO>KHO nerKO CTe

pC T b C II OB e pXHO CT H .:IJllO:VI IHI I! ll , 6 b l .'10 T8K >I< e H8M.ll€HO, 'ITO lipO'IHOCTb CJlOSI OKHCH ypaHa TO·n-

lUHII OH ·• 500 MK f c M
2 

li OC!IO n p O K ilJIH BB HIHI B B8KyyMe lipBKTH'I€CKH He HapywaeTCSI, 3TO o6-

CT OS!TenbCTBO HM€ B T 6onb W09 3H8'1eHH€ npH HCliOllb3088HHH TOHKH~ ¢onbr CO CliOSIMH UQ
2 

8 K 8 '!9CTBe MI1 UI 9He~i lipH 06ny'l e HHII 3BpS!/K9HHb!MH '18CTHU8MH B BBKyyMe, 

OcM OTp cnoee Ha MeTannorpa¢H'I€CKOM MHKpocxorre rroaeonReT cyni!Tb o rrpHaHaxax 

113M 9 H € HIISI npO'iHOCTH OKHCHOrO CJlOSI, KaK TOllbKO B cnoe H8'iHH8IOT o6pa30Bb!B8TbCSI TOHKH€ 

ryCTb!9 Tp€ U!HHKHJ CU9liliSieMOCTb CliOSI C liO(J.JlO/KKOfi yxynwaeTCSI H OH MO>KeT 6b!Tb nerKO 

CTepT. 

Ha HBH6onee T011CTbrx, rrpO'IHbiX cnoHx, rrony'leHHbiX Ha an~MHHI!eeon rroeepXHOCTH, o6pa-

6oTa i! HOR HB>Kll8'1HOfi 6yMarOW, ;>.10/KHO '18CTO BH1l9Tb C119.llbl OT IIY3blpbKOB o6pa3y~werOCSI 

rrpH p ea KUHH eo n opona. 

TonUIHH8 CJIOSI y paHB OnpenenSIJ18Cb nyTeM Cp8BHeHHSI C pS!llOM 9T8J10HOB H8 CUHHTHnnSI

UHOHHOM C'19T'IHK€, 8 TaK>Ke lipOB€pS!i18Cb B€COBbiM 8H8liH30M, 3TaJ10Hbl C pa3liH'IHbiM KOnH

'19CTBOM ypaHB / o.aHHBKOBbiX C MHW9Hb~ reoMeTpH'19CKHX paaMepoe/ 6bi11H rrony'I9Hbl HCna

p9HH€M TO'iHO OTMepeHHOrO 06oeMa CTaHaBpTHOrO pacTBOpa HHTpaTa ypaHHll8 B lipHCyTCTBHH 

/1 I 
T9Tp83TH~9HrnHKOllSI , PaBHOM9pHOCTb CnOSI KOHTpOnHp088118Cb nyTeM H3MepeHHSI HHT9HCHB-

HOCTH a -Hany'leHHSI c paani!'IHbiX y'laCTKOB rroeepXHOCTH' MI!W€HH, 

IY. OOYICAHYIE OPOUELIYPbl nr--YlrOTOBIIEHYIR 

CIIOEB LIBYOK YlCYl YPAHA H A TOHK YIX AlliOMYl HYI EBb! X 

¢0JihrAX 

¢onbra H8 cTeKJtSIHHOW li118CTHHK€ rrpOTHpaeTCSI 3-4 paaa CM0'19HHhlM B X110po¢opMe BaT

HbiM TBMliOHOM, H8 KOTOpOM H8X011HTCSI He601lbWOe KOllH'I€CTBO M€liKOrO ITOpOWK8 Kap60H8T8 

K8nbUHSI, 3aTeM CaCO ynanS!eTCSI eaTHhlM TaMnoHOM, cMo'leHHhlM e xnopo¢opMe, Ecnu 
J 

He 06XO!l. IIMO HaHeCTH enol!: ypaHa TOnbKO C OllHOA CTOpOHhl ¢onbrH, npyraSI CTOpOH8 liOKphl

B 8 9TCSI naxoM, n erxo pacTeopH M hlM e opraHH'IecxoM pacTeopHTene IHanpHMep, pacTeopoM 

rrneKcHrnaca e xnopo¢opMel. 

-2 
roTOBUTCSI 2.10 M paC'I' BOp . 

-3 
U0

2
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H ero pH noeo-

!l.HTCSI (ecnH 3TO Heo6XO.llHMO) paa6aeneHHOi!: aaOTHOi!: KHcnoTotl no 2,5-2,8 • HHTpaT ypa-

HH118 p9KOM9HllyeTCSI nepen HCliOJlb3088HH9M O'IHCTHTb nyTeM 3KCTp8KUHH; KpHCTannhl COliH 

H9 .U OJl/KHhl conep>K BTb CB060llHOi!: 830THOA KHCliOThl, 3aTeM pacTBOp HarpeBaeTCSI H8 BOllS!-
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Ec.rra 
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! C ocanKa 

IH npoKanH-

erKo cTe-

ypaHa Ton

• 3TO oo

;!MH U0
2 

H3H8K8X 

bCH TOHKHB 

T b nerK o 

.HOCTH 1 Oopa-

TIO!llB!"'OCH 

CUHHTHnnH-

ib!M KOnH-

pHCyTCTBHH 

I HHTBHCHB-

lblX 

JOcpOpMB B aT

K8pOOH8T8 

11e , E cnH 

)Ha n oKpbi -

CTBOpOM 

pH noao

'!TpaT ypa -

HOM 08He !10 Te M nepa Typ bl 75 - 85 ° C II B Her o OOYC K neTC SI OO.:::!rOTOBn eHH8 H f))Onb r ll . C no

BepXHOCTH cponb!"'H HBOOXO::::t i1 M O BpeMH OT BpeMeHH y .:18llSI Tb OY31>lpbKH r a 3a , 

nocne T0!"'0 1 K 8 K H 8 q ,Onbr e CS!!leT ; _:tOC T .::tTO'IHO TOnCT blrl CnOH OKHCJ1 , HM B IOI UHM TeMHO

cepblii UBeT 11 .. e T an.11H'Ie C KHli 6necK , HB06XO!l11MO !i3B.11e'lb ee 11 3 p 8C TB Op 8 , C OOnOCHYTb !lH C -

THnJ1HpOB8HHOH BO!lOH 1 OCyWHTb cJ) Hn b TpOB 8 .JlbHO(I 6yMarotl !1 ynanHTb naK C o6p a THOH CTOpo

Hbl, j~\O)KHQ OOKpb!Tb cpon a ry CnOSIMH C OOBHX CTOpOH, 8 3 .'lTeM C O.::IHOH 113 CTOp O H ynanHTb 

0K11Cb ypaHa paCTBOpeHHBM B KOHU, m:o
3 

npH OO M OUHI OliOBTKH , 

LlnS! OOJlY'IBHHH enos OKI1CI1 ypaHa C OtlHOH CTOpOHbl cp o nb!"'H MO>I<HO 11COOnb30B 8 Tb yc 

/ 14 / 
T 8 HOBKY tlnH 9nB K TpOnH38 

E CJIH HHTpaT ypa Hl1na conep } K liT HB60nbW oe KO!lli'I. B CTBO C B060!l HO H 830T HOM KI1CnOT bl , 

Cni1WKO:vl HH3KOB pH paCTBOpa MO)K HO OOB b!C !iTb OCTOpO>i<fiOH HB.i1Tp a.r11138Ufi e i1 2 % p8CTBO-

pOM yrnBKHCnOrO 8MMOHHS! 11 OCT8BHTb paCTBOp H8 HBCKOnbKO tl H BA !lO yCTilH O BJJBHHSl paBHO-

B e CI-ISI, 

nocKOnbKY B c na60 K11C nOM p coCTBOp e HI1Tp8T 8 y p a HHna 8ll!OMHHI1H H eMHO r O p8C TB OpS!eT-

CSI C BbltlBneHHBM BO!l0p0tl8 1 pH 3TOrO p aC T B Op a 6y tlBT OOCT B OBH HO OOBbl lli8TbCSl, no3T OMY 

peKOMeHnyeTcS! n e pen onycKaHHBM cnenyiou_:el1 cponbrl1 nonp llBI1Tb pH p a cTaopa pa36aaneH 

Hoi1 830T HOM KHCnOT O M , 

Vf3rOTOBneHH bi B T8KI1M o6p830M 8nJOM UHHBBbiB d.Jonb!"'H CO CJJO S!MH OKHCH yp8 Hil 5biJlH 

I-IC00Jlb30B8Hbl B 3KCOBpi1 M BHT8X 00 n o ny'-IBHHIO K8.11Hcp0pH1111, cpe p MH SI 11 MB Hn eneBHS! , 0HI1 

ycneWHO B bi!le p ) l(E\JlH 06Jly'IBHI1B B B8KyyMe ny'-!KOM I-IOHOB 
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, A T oM , :3 H e p r . , 

1 b! X paCTB O-

o6p a3o -

1959, 

T nen 

vi pa3H hiM 11 

f onw11 Ha 

!pO '-IHOr O 

noR no 
2 :r U l c;M 

2, 8 

1, 9 

0,8 

i 
) 
J 

) 
l 
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Mr Uj 1 eM 

p H C, 2. 

1,5' 

110 

6 

o,s 

~0 20 
BnHHHHe ITO.CT OpOHHHX HOHOB, 

pH acex pacTBopoB 2,6-2,7, T=S0-86 -c. 7,5 r ypaHHnHHTpaTa l nHTp, AI 
TOilWHHO~ 0,3 M M, QqHW. H8 )!{ .QaqHO~ 6yMaro~. 

1 - 6e3 ITO CTOpOHHH X HOHOB j 2 - 15 Mr Cl- fMn, CJlO~ oqeHb HepaBHO-

MepH b!Hj 3- 1 Mr Al 3+ I Mn , c noa: xopowHA; 4-4 Mr AI'+ IMn, 
cno~ o6paayeTcH oq e Hb HepaBHO Me~ pHo; 5-1 Mr Fe 3+ IMn, cno~ Hepaa-

HOM e p Hbiit ; 6-0,1 Mr so:- IM n, cnoA HepaBHOMepHbiA. 

Mr U I 1 
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__ 1 

-

1 

0,5 

P H e . 3, 

--2. --
------ . 1: 

------ -----~ 4 ,....,. ---- ----
;"""' .--- ---....- --- ___ s 

10 15 20 2S 
BPeM.A 8 M~HYTAX 

3 .aBHCHMOCTb HapaCT8HHSI TOilll!HHbl CilOSI OT KOHUeHTQ8UHH ypaHHJ1HHTQ8T8 H 

TeMnepaTypbi 

p H 2,6-2,7 . Al 15 /l , oqHW. CaC0
3 

• 

T°C r ypaHHilHHTpaTa I n 
1 92 18 
2 90 12 
3 86 5 
4 78 12 
5 78 5 
6 90 4 

Kpy)!{KOM o6o3Ha qa eTcSI rpaHHua npoqHOCTH CilOSI, 

9 



MrUJctA1 2. 

0,75 /4 
/ 

/ ./"'s 
3 

0,50 

0,25' 

5 10 ~5 20 2.5 
8PeM.s1 Q MMH~TaX 

p H C, 4. 3aBHCHMOCTb HapaCT8HHSI TOllWHHbl CllOSI OT pH 

7,g r ygaHHllHHTpaTa In, ¢onbra oquw. CaC0 3 , 

T = 80 C. AI 15/L /1,2,3/ HllH 5 IL 14,51, 
pH: 1 -2,2; 2 - 2,7; S - 3,0; 4 - 2,5; 5 - 2,9. 


