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< jZ[hl_ bkke_^h\ZgZ j_]_g_jZpby ^_aZdlb\bjmxs_]h khklZ\Z gZ hkgh\_

jZkl\hjZ L;N \ KD-KH2 b \ha\jZlZ wdkljZ]_glZ h[jZlgh \

l_ogheh]bq_kdbc pbde k p_evx kgb`_gby h[jZah\Zgby \lhjbqguo

jZ^bhZdlb\guo hloh^h\. < dZq_kl\_ bfblZlhjZ 4-o \Ze_glgh]h iemlhgby

[ue bkihevah\Zg lhjbc. MklZgh\e_gu hilbfZevgu_ mkeh\by ijh\_^_gby

ijhp_kkZ j_wdkljZdpbb lhjby \ ijhlb\hlhqghc dhehgg_ ijb ^Z\e_gbb

15 FIZ b l_fi_jZlmj_ 40-50 °K ba 10 fZkk. % jZkl\hjZ L;N \ KD–KH2.

Wdki_jbf_glZevgh ih^l\_j`^_gZ \hafh`ghklv j_pbdeZ KD-KH2 [_a

^_dhfij_kkbb, qlh kms_kl\_ggh kgbabl wg_j]haZljZlu gZ ijh\_^_gb_

ijhp_kkZ.

Dexq_\u_ keh\Z: k\_jodjblbq_kdbc ^bhdkb^ m]e_jh^Z, j_wdkljZdpby, lhjbc, ljb[mlbenhknZl,

ijhlb\hlhqgZy dhehggZ.
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The work investigated the regeneration of a decontamination composition based on

a solution of TBP in SC-CO2 and the return of the extractant back to the

technological cycle in order to reduce the formation of secondary radioactive

waste. Thorium was used as a simulator for 4-valent plutonium. Optimal
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conditions for the thorium re-extraction process in a countercurrent column at a

pressure of 15-20 MPa and a temperature of 40-50 °C from 10 wt. % TBP solution

in SC–CO2. The possibility of recycling SC-CO2 without decompression has been

experimentally confirmed, which will significantly reduce energy costs for the

process.

Keywords: supercritical carbon dioxide, stripping, thorium, tributyl phosphate, counterflow column.

<\_^_gb_

Bgl_j_k d g_ljZ^bpbhgguf [_a\h^guf beb fZeh\h^guf l_ogheh]byf

^_aZdlb\Zpbb h[mkeh\e_g klj_fe_gb_f bkdexqblv beb fbgbfbabjh\Zlv h[jZah\Zgb_

\lhjbqguo jZ^bhZdlb\guo hloh^h\ (J:H). H^ghc ba lZdbo l_ogheh]bc y\ey_lky

k\_jodjblbq_kdZy nexb^gZy wdkljZdpby (KNW) – wdkljZdpbhggh_ ba\e_q_gb_ \

k\_jodjblbq_kdb_ nexb^u Zdlbgb^h\ b ^jm]bo jZ^bhgmdeb^h\ ba jZaebqguo fZljbp.

< Jhkkbb, KR:, Yihgbb, <_ebdh[jblZgbb, NjZgpbb b Dhj__ ijh\h^ylky bkke_^h\Zgby

^_aZdlb\Zpbb aZ]jyag_gguo jZ^bhgmdeb^Zfb ih\_joghkl_c k bkihevah\Zgb_f

k\_jodjblbq_kdbo nexb^h\ b k`b`_gguo ]Zah\, qZs_ \k_]h k\_jodjblbq_kdh]h CO2

(KD-KH2) [1].

H^gh ba i_j\uo khh[s_gbc  h \hafh`ghklb wdkljZdpbb bhgh\ `_e_aZ \ KD-KH2 \

\b^_ kh_^bg_gbc k Zp_lbeZp_lhgZlhf ihy\behkv \ 1989 ] [2], k l_o ihj gZqZehkv

kbkl_fZlbq_kdh_ bamq_gb_ ih ba\e_q_gbx jZaebqguo f_lZeeh\ \ k\_jodjblbq_kdb_

nexb^u.

Hkgh\gu_ ij_bfms_kl\Z KNW:

x aZf_gZ ^_aZdlb\bjmxs_c kj_^u, \h^ghc beb hj]Zgbq_kdhc, gZ g_lhdkbqguc b

g_]hjxqbc k\_jodjblbq_kdbc KH2, dhlhjuc fh`_l [ulv e_]dh hl^_e_g hl ba\e_q_gguo

jZ^bhgmdeb^h\ ^_dhfij_kkb_c;

x\ukhdb_ dhwnnbpb_glu ^bnnmabb \ KD-KH2 b _]h gbadZy \yadhklv, qlh

h[_ki_qb\Z_l \ukhdhc kdhjhklv fZkkhh[f_gguo ijhp_kkh\ b \ukhdmx ijhgbdZxsmx

kihkh[ghklv ^_aZdlb\bjmxs_c kj_^u;

x \ukhdZy jZ^bZpbhggh-obfbq_kdZy mklhcqb\hklv KH2;.

Fgh`_kl\h jZ[hl [1, 3, 4, 5] ihk\ys_gh bamq_gbx aZdhghf_jghkl_c jZkl\hj_gby

kh_^bg_gbc jZ^bhgmdeb^h\ b wdkljZdpbb dhfie_dkh\ jZ^bhgmdeb^h\ k jZaebqgufb

eb]Zg^Zfb \ k\_jodjblbq_kdbo nexb^Zo ba jZaebqguo fZl_jbZeh\ b kj_^, \dexqZy

ijhp_kku ^_aZdlb\Zpbb. H^gZdh gZ l_dms_f wlZi_ l_ogheh]bq_kdbo jZajZ[hlhd lZdhc

Zki_dl, dZd h[jZs_gb_ k hljZ[hlZggufb KNW kj_^Zfb, ]em[hdh g_ bkke_^h\Zg. AZ

bkdexq_gb_f jZ[hlu [6], \ dhlhjhc ij_^eh`_gZ khj[pby jZ^bhgmdeb^h\ ba KD-KH2,

j_]_g_jZpby KD-KH2 \ hkgh\ghf h]jZgbq_gZ ^_dhfij_kkb_c.

< gZklhys_c jZ[hl_ bkke_^h\ZgZ \hafh`ghklv j_]_g_jZpbb [_a ^_dhfij_kkbb

^_aZdlb\bjmxs_]h khklZ\Z gZ hkgh\_ jZkl\hjZ ljb[mlbenhknZlZ (L;N) \ KD-KH2 b

\ha\jZlZ ^_aZdlb\bjmxs_]h khklZ\Z h[jZlgh \ l_ogheh]bq_kdbc pbde k p_evx kgb`_gby
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h[jZah\Zgby \lhjbqguo jZ^bhZdlb\guo hloh^h\. >ey j_r_gby wlhc aZ^Zqb ij_^eh`_gh

ijh\h^blv j_wdkljZdpbb Zdlbghb^h\ \ ijhlb\hlhqghc dhehgg_ g_ihkj_^kl\_ggh ba

ihlhdZ k\_jodjblbq_kdh]h nexb^Z k \hafh`ghklvx dhgp_gljbjh\Zgby m^Ze_gguo

jZ^bhgmdeb^h\.

J_Zdlb\u b f_lh^bdb baf_j_gbc

Bkihevam_fu_ \ jZ[hl_ j_Zdlb\u [ueb d\ZebnbdZpbb g_ om`_ q.^.Z.

Dhgp_gljZpbx Zahlghc dbkehlu hij_^_eyeb ihl_gpbhf_ljbq_kdbf lbljh\Zgb_f

gZ Z\lhlbljZlhj_ Metler Tolledo T90. AgZq_gby jG jZkl\hjh\ mklZgZ\eb\Zeb ijb

ihfhsb jG-f_ljZ Metler Tolledo SevenMulti-A.

<ukhdmx dhgp_gljZpbx lhjby (1-20 ]/e) hij_^_eyeb dhfie_dkhgh-f_ljbq_kdbf

lbljh\Zgb_f k Ljbehghf ; [7]. Gbadb_ dhgp_gljZpbb lhjby (20-0,5 f]/e) hij_^_eyeb

ki_dljhnhlhf_ljbq_kdbf f_lh^hf k :jk_gZah III [8].

Dhgp_gljZpbx lhjby \ L;N hij_^_eyeb ihke_ j_wdkljZdpbb \h^guf jZkl\hjhf

20 ]/e dZj[hgZlZ gZljby (Na2CO3) b 20 ]/e ^bwlbe_gljbZfbgi_glZmdkmkdghc dbkehlu

(>LI:). Hl[bjZeb Zebd\hlm 5 fe hj]Zgbq_kdhc nZau \ p_gljbnm`gmx ijh[bjdm b

j_wdkljZ]bjh\Zeb \ 3 wlZiZ: kgZqZeZ 1 fe \h^ghc nZau, ^Ze__ 2 jZaZ ih 2 fe. Ihke_

^h[Z\e_gby \h^ghc nZau ijh[bjdb \kljyob\Zeb, aZl_f p_gljbnm]bjh\Zeb, hl^_eyeb

\h^gmx nZam b kh[bjZeb \ hl^_evghc ijh[bjd_. Ba h[t_^bg_ggh]h jZkl\hjZ [jZeb

Zebd\hlm 0,5-4 fe ^ey ki_dljhnhlhf_ljbq_kdh]h ZgZebaZ. MklZgh\e_gh, qlh ^Zgguf

kihkh[hf ba bkoh^gh]h jZkl\hjZ L;N j_wdkljZ]bjm_lky ijbf_jgh 10% lhjby ba-aZ

gZebqby [hevrh]h dhebq_kl\Z Zahlghc dbkehlu \ hj]Zgbq_kdhc nZa_, ihkdhevdm ^ey

ijh\_^_gby ZgZebaZ bkihevah\Zeb h[jZapu L;N [_a jZa[Z\bl_ey. Wnn_dlb\gZy

j_wdkljZdpby lhjby ba ^Zgghc wdkljZdpbhgghc kbkl_fu \hafh`gZ \ g_cljZevgmx beb

s_ehqgmx \h^gmx nZam [9]. >ey ^hklb`_gby wnn_dlb\ghc j_wdkljZdpbb lhjby \

ijh[bjdm k hj]Zgbq_kdhc nZahc b i_j\hc ihjpb_c \h^ghc nZau ^ey g_cljZebaZpbb

Zahlghc dbkehlu \ghkbeb Na2CO3 ^h ij_djZs_gby \u^_e_gby imaujvdh\ ]ZaZ. < wlhf

kemqZ_ hij_^_ey_fZy dhgp_gljZpby \ bkoh^ghc hj]Zgbq_kdhc nZa_ khhl\_lkl\h\ZeZ

jZkq_lghc dhgp_gljZpbb lhjby.

F_lh^bdZ ijh\_^_gby wdki_jbf_glZ

< dZq_kl\_ bfblZlhjZ 4-o \Ze_glgh]h iemlhgby [ue bkihevah\Zg lhjbc.

Wdki_jbf_glu ijh\h^beb \ mkeh\byo, fZdkbfZevgh ijb[eb`_gguo d j_Zevguf. ;ueh

mql_gh, qlh aZ]jyag_gby ZevnZ-gmdeb^Zfb ^ey kj_^g_Zdlb\guo hloh^h\ khklZ\eyxl –

102-105 d;d/d], \ khhl\_lkl\bb k HKIHJ; 99/2010, ihwlhfm b \ hljZ[hlZgghf

^_aZdlb\bjmxs_f khklZ\_ dhgp_gljZpby Zdlbghb^h\ [m^_l hlghkbl_evgh g_[hevrZy,

f_g__ 50 f]/e. < gZklhys_c jZ[hl_ dhgp_gljZpby lhjby \ qbklhf L;N [ueZ ijbgylZ
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20 f]/e. < dZq_kl\_ ^_aZdlb\bjmxs_]h khklZ\Z, \ khhl\_lkl\bb k ^Zggufb [10], [ue

ijbgyl jZkl\hj 10 fZkk. % ljb[mlbenhknZlZ (L;N) \ KD-KH2,

BfblZlhj hljZ[hlZggh]h ^_aZdlb\bjmxs_]h jZkl\hjZ ]hlh\beb ke_^mxsbf

h[jZahf: 2 ] lhjby \ \b^_ gbljZlZ jZkl\hjyeb \ 100 fe 4-fhev/e Zahlghc dbkehlu b

wdkljZ]bjh\Zeb lhjbc 100%-uf L;N ijb h[t_fghf khhlghr_gbb \h^ghc

b hj]Zgbq_kdhc nZa, jZ\ghf 1:1, \ khhl\_lkl\bb k [11]. < j_amevlZl_ [ue ihemq_g

jZkl\hj gbljZlZ lhjby \ L;N (19,4 ]/e ih lhjbx). Ba ihemq_ggh]h jZkl\hjZ gbljZlZ

lhjby \ L;N hl[bjZeb jZkqzlgmx Zebd\hlm b jZa[Z\eyeb \ 1000 jZa L;N.

Ijb]hlh\e_gguc lZdbf h[jZahf jZkl\hj lhjby \ L;N jZkl\hjyeb \ KD-KH2 gZ

eZ[hjZlhjghc mklZgh\d_ ^ey KNW wdkljZdpbb, ko_fZ dhlhjhc ij_^klZ\e_gZ gZ jbk. 1.

< dZq_kl\_ j_wdkljZ]bjmxs_]h khklZ\Z bkihevah\Zeb jZkl\hj, kh^_j`Zsbc Na2CO3

b >LI: (ih ZgZeh]bb k f_lh^Zfb j_]_g_jZpbb jZkl\hjh\ L;N \ m]e_\h^hjh^Zo).

GZ jbk. 1 ij_^klZ\e_gZ ko_fZ mklZgh\db KN ^ey bkke_^h\Zgby j_wdkljZdpbb \

ijhlb\hlhqghc dhehgg_. Ba [ZeehgZ (1) ^bhdkb^ m]e_jh^Z ihklmiZ_l ih ljm[hijh\h^m \

l_iehh[f_ggbd (3), hoeZ`^Z_fuc l_jfhklZlhf (2) ^h 2 °K (^ey k`b`_gby ]ZaZ b

m\_ebq_gby iehlghklb `b^dhklb i_j_^ ih^Zq_c gZ gZkhk \ukhdh]h ^Z\e_gby (5)),

]heh\db gZkhkZ lZd`_ hoeZ`^Zxlky l_jfhklZlhf (2). FZkkh\uc jZkoh^ ^bhdkb^Z

m]e_jh^Z j_]mebjm_lky gZkhkhf Z\lhfZlbq_kdb aZ kq_l jZkoh^hf_jZ DhjbhebkZ (4).

GZkhk fh`_l jZ[hlZlv \ j_`bf_ ih^^_j`Zgby eb[h aZ^Zggh]h jZkoh^Z, eb[h ^Z\e_gby.

Ba gZkhkZ KH2 ihklmiZ_l gZ ij_^gZ]j_\Zl_ev ihlhdZ (6). Ihke_ gZ]j_\Z nexb^

kf_rb\Z_lky k ihlhdhf L;N, kh^_j`Zs_]h gbljZl lhjby, ih^Zxs_]hky `b^dhklguf

gZkhkhf \ukhdh]h ^Z\e_gby (8) ba _fdhklb (7). >Ze__ ihemq_gguc ihlhd bfblZlhjZ

hljZ[hlZ\r_]h ^_aZdlb\bjmxs_]h Z]_glZ ihklmiZ_l \ gb`gxx qZklv ijhlb\hlhqghc

dhehggu (9). DhehggZ ij_^klZ\ey_l kh[hc lheklhkl_ggmx ljm[m ba g_j`Z\_xs_c klZeb

\gmlj_ggbf ^bZf_ljhf 18,7 ff, \g_rgbf – 32 ff b \ukhlhc 1800 ff, \gmlj_ggbc

h[t_f khklZ\ey_l 500 fe. DhehggZ aZiheg_gZ kibjZevgh-ijbafZlbq_kdhc gZkZ^dhc

(k\h[h^guc h[t_f khklZ\ey_l 475 fe). GZ lhjp_\u_ qZklb gZ\bgqb\Zxlky djurdb ba

g_j`Z\_xs_c klZeb, dhlhju_ bf_xl ih ^\Z rlmp_jZ ^ey ijbkh_^bg_gby ljm[hijh\h^h\

q_j_a h[`bfgu_ nblbg]b. DhehggZ bf__l q_luj_ g_aZ\bkbfu_ ahgu gZ]j_\Z jZ\ghc

^ebgu, f_`^m ahgZfb lZd`_ bf__lky ih h^ghfm rlmp_jm ^ey ijbkh_^bg_gby

ljm[hijh\h^h\. D rlmp_jm f_`^m ^\mfy gb`gbfb ahgZfb gZ]j_\Z ih^dexq_g \_glbev

(16) k jZaju\ghc f_f[jZghc (29 FIZ). Ih^ZqZ j_wdkljZ]bjmxs_]h jZkl\hjZ

hkms_kl\ey_lky f_`^m ^\mfy \_jogbfb ahgZfb `b^dhklguf gZkhkhf \ukhdh]h

^Z\e_gby (12) ba _fdhklb (11). Nexb^gZy nZaZ \uoh^bl ba dhehggu q_j_a rlmp_j \

\_jog_c djurd_ b ijhoh^bl q_j_a Z\lhfZlbq_kdbc j_]meylhj h[jZlgh]h ^Z\e_gby

(ABPR) (10). GZkhkhf (5) ih^^_j`b\Z_lky aZ^Zgguc jZkoh^ nexb^Z, Z ABPR

ih^^_j`b\Z_l aZ^Zggh_ ^Z\e_gb_. >Zgguc j_]meylhj ^Z\e_gby ij_^klZ\ey_l kh[hc

b]hevqZluc \_glbev k we_dljhijb\h^hf, dhlhjuc aZ kq_l IB> j_]mebjh\Zgby

Z\lhfZlbq_kdb \uklZ\ey_l b]em \ gm`gh_ iheh`_gb_, dhgljhebjmy l_f kZfuf jZkoh^
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Ijb khhlghr_gbb nZa <:H = 1:10 b ^ey 10 % jZkl\hjZ L;N \ KD-KH2 \ j_amevlZl_

j_]_g_jZpbb ^_aZdlb\bjmxs_]h khklZ\Z kl_i_gv dhgp_gljbjh\Zgby khklZ\ey_l 10.

Wdki_jbf_glZevgh ih^l\_j`^_gZ \hafh`ghklv j_pbdeZ KD-KH2 [_a

^_dhfij_kkbb, qlh kms_kl\_ggh kgbabl wg_j]haZljZlu gZ ijh\_^_gb_ ijhp_kkZ b \

g_kdhevdh ^_kyldh\ jZa khdjZlbl h[t_f \lhjbqguo J:H, \ i_j\mx hq_j_^v

hj]Zgbq_kdbo.
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