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HibkZg hiul kgb`_gby gZebiZgby [jua] jZkieZ\e_ggh]h f_lZeeZ,

h[jZamxsboky ijb ^m]h\hc k\Zjd_ \ m]e_dbkehf ]Za_ ba^_ebc ba

dhgkljmdpbhgguo klZe_c. Ijbf_g_gb_ Zglbijb]Zjguo ihdjulbc kh

k\yamxsbf gZ hkgh\_ dZj[hdkbf_lbep_eexehau k h]g_mihjgufb

gZihegbl_eyfb Al2O3, ZrO2 b Y2O3. iha\hey_l fbgbfbabjh\Zlv ihke_^mxsb_

ke_kZjgu_ jZ[hlu ih aZqbkld_ k\h[h^guo (ijbe_]Zxsbo d k\Zjguf r\Zf)

ih\_joghkl_c. Ijh\_^_gu f_lZeeh]jZnbq_kdb_ bkke_^h\Zgby h[jZaph\

k\Zjguo kh_^bg_gbc k ihdjulbyfb b [_a gbo. Ih ihlj_[bl_evkdbf

k\hckl\Zf b khhlghr_gbx p_gZ/dZq_kl\h hilbfZevguf y\ey_lky ihdjulb_

k h]g_mihjguf gZihegbl_e_f gZ hkgh\_ Al2O3.

Dexq_\u_ keh\Z: Zglbijb]Zjgh_ ihdjulb_, k\ZjdZ, k\Zjhqgu_ [jua]b, dZj[hf_lbep_eexehaZ,

hdkb^ Zexfbgby, hdkb^ pbjdhgby, hdkb^ blljby.

COMPARATIVE STUDIES OF NON-STICK COATINGS IN URANIUM MELTING

M.Yu. Kornienko, D.M. Veselkov, O.B. Gromov, A.V. Lysenko, V.P. Smirnov,

L.N. Solodovnikov, P.N. Taratorkin, S.A. Shkolin

JSC «A.A. Bochvar High-technology Research Institute of Inorganic Materials», Moscow

N.G. Kashkov

«SNK Trade» LLC, Ozersk

The experience of reducing the adhesion of molten metal splashes formed during

arc welding in carbon dioxide of structural steel products is described. The use of

non-stick coatings with a binder based on carboxymethyl cellulose with refractory

fillers Al2O3, ZrO2 and Y2O3. made it possible to minimize subsequent plumbing

work on cleaning free (adjacent to the welds) surfaces. Metallographic studies of

samples of welded joints with and without coatings have been carried out. In terms

of consumer properties and price/quality ratio, a coating with a refractory filler

based on Al2O3 is optimal.

Keywords: non-stick coatings, welding, welding spray, carbomethylcellulose, aluminium oxide,

zirconium oxide, yttrium oxide.
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<\_^_gb_

BfihjlhaZf_s_gb_ fZl_jbZeh\ b l_ogheh]bc \ h[eZklb fZrbghkljh_gby

hl\_lkl\_gguo maeh\ b f_oZgbafh\ lj_[m_l ih\ur_ggh]h d gbf \gbfZgby b, aZqZklmx,

ijh\_^_gby ^hihegbl_evguo bkke_^h\Zgbc. GZ h^ghf ba fZrbghkljhbl_evguo

ij_^ijbylbc =hkdhjihjZpbb «JhkZlhf» ijb aZf_s_gbb k\Zjhqghc ijh\hehdb HD IJH

51K (ijhba\h^kl\h HHH «WK:;»-R\_pby) ba klZeb fZjdb 09]2k gZ hl_q_kl\_ggmx 5G2

(ER70S-6) ijhba\h^kl\Z HHH «:WFA» gZ hi_jZpbb ihemZ\lhfZlbq_kdhc k\Zjdb jZf

hl\_lkl\_gguo dhgkljmdpbc ih\ukbehkv jZa[jua]b\Zgb_ jZkieZ\e_ggh]h f_lZeeZ, qlh

ijb\_eh d agZqbl_evghfm m\_ebq_gbx gZebiZgby [jua] gZ k\h[h^guo ih\_joghklyo

ba^_ebc b ihlj_[h\Zeh hj]ZgbaZpbb ke_kZjguo jZ[hl ih bo aZqbkld_ i_j_^ hi_jZpb_c

hdjZrb\Zgby.

>ey \uykg_gby ijbqbg ih\ur_ggh]h jZa[jua]b\Zgby k\Zjhqgh]h f_lZeeZ

ki_pbZebklZfb :H «<GBBGF» [ueb ijh\_^_gu bkke_^h\Zgby ijh\hehd ^\mo

\ur_mdZaZgguo ijhba\h^bl_e_c, Z bf_ggh:

s hij_^_e_gb_ obfbq_kdh]h khklZ\Z ijh\hehd k ihfhsvx

j_gl]_ghki_dljZevgh]h fbdjhZgZebaZ;

s ZgZeba ihi_j_qgh]h k_q_gby ijh\hehdb k ihfhsvx jZkljh\h]h we_dljhggh]h

fbdjhkdhiZ;

s hij_^_e_gb_ fZkkh\uo ^he_c dbkehjh^Z, ZahlZ, \h^hjh^Z f_lh^hf

\hkklZgh\bl_evgh]h ieZ\e_gby gZ mklZgh\d_ TCH-600 nbjfu LECO;

s hij_^_e_gb_ fZkkh\uo ^he_c m]e_jh^Z b k_ju f_lh^hf bgnjZdjZkghc

Z[khj[pbb gZ mklZgh\d_ CS-230 nbjfu LECO.

Ijh\_^_ggu_ eZ[hjZlhjgu_ bkke_^h\Zgby ijh\hehdb g_ \uy\beb g_khhl\_lkl\bc

lj_[h\Zgbyf LM 1227-007-93827560-2020 [1] (HHH «:WFA») b LM 12227-200-

55224353-2018 [2] (HHH «WK:;»). Djhf_ lh]h, kjZ\gbl_evguc ZgZeba j_amevlZlh\

bkke_^h\Zgbc ^Zgguo ijh\hehd g_ \uy\be kdhev-eb[h kms_kl\_gguo jZaebqbc f_`^m

gbfb.

< k\yab k l_f, qlh ijb ba]hlh\e_gbb h^gh]h ba^_eby lbiZ «jZfZ» lj_[m_lky

\uiheg_gb_ [he__ 50 k\Zjguo r\h\ \ jZaebqguo ijhkljZgkl\_gguo iheh`_gbyo,

j_`bfu k\Zjdb dhlhjuo mklZgh\e_gu \ l_ogbq_kdhc ^hdmf_glZpbb b ih^l\_j`^_gu

bkiulZgbyfb, baf_g_gb_ l_ogheh]bq_kdbo iZjZf_ljh\ k\Zjdb [ueh ijbagZgh

g_p_e_khh[jZaguf ba-aZ agZqbl_evguo ljm^haZljZl b jbkdhf kju\Z ijhba\h^kl\_gguo

ieZgh\.

>jm]bf \ZjbZglhf j_r_gby ijh[e_fu gZebiZgby k\Zjhqguo [jua] ij_^eh`_gh

bkihevah\Zgb_ ki_pbZevgh]h ihdjulby ^ey kgb`_gby bo Z^]_abb d ih\_joghklyf

ba^_eby hdheh k\Zjguo r\h\ b h[e_]q_gby bo f_oZgbq_kdhc aZqbkldb ihke_ hi_jZpbb

k\Zjdb. < gZklhys__ \j_fy gZ jugd_ bf__lky rbjhdbc \u[hj jZaebqguo wfmevkbc b

Zglbijb]Zjguo ij_iZjZlh\ \ \b^_ kij__\ b iZkl, h^gZdh ijhba\h^bl_eb aZqZklmx g_

jZkdju\Zxl bo obfbq_kdh]h khklZ\Z. GZijbf_j, bkihevah\Zgb_ ijhba\h^bl_eyfb \

khklZ\_ ij_iZjZlh\ kh_^bg_gbc [hjZ, \ qZklghklb, gbljb^Z [hjZ, h]jZgbqb\Z_l
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\hafh`ghklv ijbf_g_gby \ Zlhfghc l_ogbd_ ba-aZ kihkh[ghklb _]h ih]ehsZlv

g_cljhgu, Z ijbkmlkl\b_ fZk_e \ g_dhlhjuo khklZ\Zo lj_[m_l ihke_^mxs_c

^hihegbl_evghc hqbkldb b h[_a`bjb\Zgby ih\_joghkl_c.

Hkgh\gufb lj_[h\Zgbyfb d ihdjulbx y\eyxlky:

– kgb`_gb_ dhebq_kl\Z k\Zjhqguo [jua], kp_ie_gguo k ih\_joghklvx f_lZeeZ

ba^_ebc;

– hlkmlkl\b_ qZklbp gZg_k_ggh]h ihdjulby b ihjhh[jZah\Zgby \ k\Zjguo r\Zo;

– ijhklhlZ gZg_k_gby b m^Ze_gby ihdjulby ihke_ k\Zjdb;

– gbadZy klhbfhklv.

>ey aZsblu k\h[h^guo ih\_joghkl_c ba^_ebc [ueh ij_^eh`_gh hijh[h\Zlv

Zglbijb]Zjgu_ khklZ\u, jZg__ ohjhrh aZj_dhf_g^h\Z\rb_ k_[y ijb ieZ\d_ Zdlb\guo

f_lZeeh\. >ey ijh\_^_gby bkiulZgbc [ueb \u[jZgu khklZ\u kh k\yamxsbf gZ hkgh\_

dZj[hdkbf_lbep_eexehau k h]g_mihjgufb gZihegbl_eyfb Al2O3, ZrO2, Y2O3 b \h^u.

Hkgh\gZy p_ev ^Zgghc jZ[hlu – hilbfbaZpby hi_jZpbb k\Zjdb ^ey kgb`_gby

gZebiZgby [jua] k\Zjhqgh]h f_lZeeZ gZ k\h[h^guo ih\_joghklyo.

>ey ^hklb`_gby ihklZ\e_gghc p_eb g_h[oh^bfh [ueh \uihegblv ke_^mxsb_

aZ^Zqb:

– ijh\_klb kjZ\gbl_evgu_ bkiulZgby ij_^eh`_gguo khklZ\h\ ih aZsbl_

k\h[h^guo ih\_joghkl_c hl gZebiZgby [jua] jZkieZ\e_ggh]h f_lZeeZ;

– ijh\_klb f_lZeeh]jZnbq_kdb_ bkke_^h\Zgby k\Zjguo r\h\ jZaebqghc

dhgkljmdpbb (kludh\uo, m]eh\uo, lZ\jh\uo), ihemq_ggu_ k bkihevah\Zgb_f b [_a

Zglbijb]Zjgh]h ihdjulby.

F_lh^bdZ bkke_^h\Zgbc

Ijb ijb]hlh\e_gbb Zglbijb]Zjguo khklZ\h\ [ueb bkihevah\Zgu \ dZq_kl\_

h]g_mihjguo gZihegbl_e_c ]ebgha_f =HKL 6912.1-93 [3], blljby hdkb^ LM 48-4-524-90

[4], pbjdhgby ^\mhdbkv =HKL 21907-76 [5]; \ dZq_kl\_ k\yamxs_]h –

dZj[hdkbf_lbep_eexehaZ LM 2231-002-50277563-2000; b jZkl\hjbl_ev –

^bklbeebjh\ZggZy \h^Z. KhklZ\u ]hlh\beb \ khhl\_lkl\bb k LM 20.59.59-001-15679575-

2024 b ih l_ogheh]bb, mdZaZgghc \ [6]. < dZq_kl\_ h[jZaph\ ^ey bkke_^h\Zgbc

bkihevah\Zeb ieZklbgu ba klZeb fZjdb Kl3 lhesbghc 4 ff, jZ[hqb_ ih\_joghklb

dhlhjuo h[jZ[Zlu\Zeb gZ`^Zqghc [mfZ]hc ^ey m^Ze_gby ]jm[hc j`Z\qbgu b

h[_a`bjb\Zeb wlbeh\uf kibjlhf.

GZ i_j\hf wlZi_ jZaebqgu_ ihdjulby gZghkbeb djZkdhimevlhf gZ qZklv ieZklbgu

lZd, qlh[u \ dZ`^hf \b^_ ihdjulby hklZ\ZeZkv ihehkZ rbjbghc hdheh 10 ff, lhesbgZ

ihdjulby ~ 100 fdf. <g_rgbc \b^ ieZklbgu ihke_ gZg_k_gby ihdjulbc ihdZaZg gZ

jbk. 1.

K\Zjhqguc rh\ \uihegyeb f_lh^hf jmqghc ^m]h\hc k\Zjdb we_dljh^Zfb fZjdb

HAK-12 gZ j_`bf_: lhd k\Zjdb –100 :, gZijy`_gb_ ^m]b –65 <, \ h^bg ijhoh^ ih
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ijyfhebg_cghc ljZ_dlhjbb. Ihke_ bkiulZgbc ieZklbgm ijhfu\Zeb \h^hc hl hklZldh\

ihdjulby, hkfZljb\Zeb k bkihevah\Zgb_f emiu 10× b nhlh]jZnbjh\Zeb.

Jbk. 1. <g_rgbc \b^ ieZklbgu k gZg_k_ggufb ihdjulbyfb

GZ \lhjhf wlZi_ ba gZ iheh\bgm hdjZr_gguo ieZklbg [ueb kh[jZgu ljb lbiZ

k\Zjguo kh_^bg_gbc ih =HKL 5264-80: K2, M4, L1 [7]. K\Zjhqguc rh\ gZdeZ^u\Zeb

f_lh^hf jmqghc ^m]h\hc k\Zjdb we_dljh^Zfb fZjdb HAK-12 ^bZf_ljhf 2 ff ih

j_`bfm: lhd k\Zjdb – 65-75 :, gZijy`_gb_ ^m]b – 55-65 <, \ h^bg ijhoh^, k

dhe_[Zgbyfb we_dljh^Z ihi_j_d kludZ. K\Zj_ggu_ ieZklbgu hqbsZeb hl hklZldh\

ihdjulby hkfZljb\Zeb k bkihevah\Zgb_f emiu 10× b nhlh]jZnbjh\Zeb.

F_lZeeh]jZnbq_kdbc ZgZeba ijh\h^beky gZ rebnZo, ihemq_gguo ba h[jZaph\,

\uj_aZgguo ihi_j_d kludZ \ mqZkldZo k ihdjulb_f b [_a, ihke_ rebnh\Zgby

gZ`^Zqghc [mfZ]hc jZaebqghc a_jgbklhklb (hl 100 f_r b ^h 1200 f_r) b ihebjh\Zgby

ZefZaghc iZklhc �4 gZ n_ljh\hf djm]_. >ey bkke_^h\Zgby ijb m\_ebq_gbyo 100 b 200

djZl ijbf_gyeky hilbq_kdbc fbdjhkdhi Carl Zeiss Axio Imager.Z2m b ijh]jZffgh]h

h[_ki_q_gby AxioVision k nmgdpb_c krb\db iZghjZfguo bah[jZ`_gbc.

J_amevlZlu b h[km`^_gb_

GZ jbk. 2 ihdZaZgu nhlh]jZnbb ieZklbgu ^h b ihke_ gZg_k_gby r\h\. AgZqbfhc

jZagbpu \ k\hckl\Zo Zglbijb]Zjguo khklZ\h\ b ihemq_gguo k\Zjguo r\Zo \uy\e_gh g_

[ueh, ihwlhfm hilbfZevguf ih khhlghr_gbx p_gZ/dZq_kl\h [ue ijbagZg khklZ\

k ]ebgha_fhf (Al2O3).
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Z) ihdjulb_ k Y2O3

[) ihdjulb_ k Al2O3

\) ihdjulb_ k ZrO2

Jbk. 2. <g_rgbc \b^ ieZklbgu ch k\Zjgufb r\Zfb: (Z) ^h b ([-]) ihke_ m^Ze_gby ihdjulbc

Ihke_^mxsb_ wdki_jbf_glu ijh\h^beb k khklZ\hf, kh^_j`Zsbf Al2O3. GZ jbk. 3

ihdZaZg \g_rgbc \b^ k\Zj_gguo h[jZaph\, imgdlbjhf \u^_e_g mqZklhd k g_kdhevdbfb

djmigufb dZieyfb jZkieZ\e_ggh]h f_lZeeZ, dhlhju_ bf_eb keZ[mx Z^]_abx k

ih^eh`dhc b [ueb e_]dh m^Ze_gu f_oZgbq_kdb k ihfhsvx \_lhrb. GZ jbk. 4 ihdZaZgu

iZghjZfgu_ fbdjhnhlh]jZnbb, ihemq_ggu_ k bkihevah\Zgb_f hilbq_kdh]h

fbdjhkdhiZ. :gZeba ijb m\_ebq_gbb 200× ihemq_gguo rebnh\ k\Zjguo kh_^bg_gbc k

gZg_k_gguf Zglbijb]Zjguf ihdjulb_f b [_a g_]h ihdZaZe, qlh dZdbo-eb[h ^_n_dlh\ \

f_lZee_ k\Zjguo kh_^bg_gbc g_ h[gZjm`_gh. K\Zjgu_ r\u khhl\_lkl\mxl

lj_[h\Zgbyf, ijb\_^_gguf \ l_ogbq_kdbo mkeh\byo ij_^ijbylby-ba]hlh\bl_ey 319-

LM2 «H[sb_ lj_[h\Zgby».
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Z) M4 [) L1

Jbk. 3. <g_rgbc \b^ k\Zjguo kh_^bg_gbc

Z) L1 [) K2

Jbk. 4. Nhlh]jZnbb rebnh\ k\Zjguo kh_^bg_gbc L1 (Z) b ([) K2 ba ahgu k ihdjulb_f,

kgylh ijb m\_ebq_gbb 100×

Hiulgh-ijhfure_ggu_ bkiulZgby Zglbijb]Zjgh]h ihdjulby

GZ hkgh\Zgbb ihemq_gguo \ j_amevlZl_ bkke_^h\Zgbc j_amevlZlh\ [ueh ijbgylh

j_r_gb_ h ijh\_^_gbb hiulgh-ijhfure_gguo bkiulZgby Zglbijb]Zjgh]h ihdjulby gZ

ij_^ijbylbb-ba]hlh\bl_e_ ba^_eby lbiZ «jZfZ» (kf. \ur_). GZ jbk. 5 ihdZaZgu

nhlh]jZnbb jZfu gZ jZaebqguo wlZiZo bkiulZgby.

GZ hkgh\Zgbb ihemq_gguo j_amevlZlh\ [ueb ijh\_^_gu hiulgh-ijhfure_ggu_

bkiulZgby gZ ij_^ijbylbb aZdZaqbdZ.
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Z) ihke_ gZg_k_gby ihdjulby

[) ihke_ k\Zjdb

\) ihke_ qZklbqgh]h m^Ze_gby ihdjulby

Jbk. 5. Nhlh]jZnbb jZfu gZ jZaebqguo wlZiZo bkiulZgbc

Ih j_amevlZlZf bkiulZgbc [ue k^_eZg \u\h^, qlh gZ aZsbs_gguo ih\_joghklyo

ba^_ebc k gZg_k_gguf ihdjulb_f k\Zjhqgu_ [jua]b, kp_ie_ggu_ k ih\_joghklyfb

jZfu ijZdlbq_kdb hlkmlkl\mxl, Z bf_xsb_ky [jua]b jZkieZ\e_ggh]h f_lZeeZ e_]dh

m^Zeyxlky \f_kl_ k keh_f Zglbijb]Zjgh]h ihdjulby k ihfhsvx \eZ`ghc \_lhrb b

`_kldhc s_ldb.

GZ ih\_joghklyo jZfu, g_ h[jZ[hlZgguo Zglbijb]Zjguf ihdjulb_f, dhebq_kl\h

k\Zjhqguo [jua], kp_ie_gguo k ih\_joghklvx b lj_[mxsbo ke_kZjghc f_oZgbq_kdhc

h[jZ[hldb kms_kl\_ggh \ur_.

Ihke_ h[_a`bjb\Zgby b ljZ\e_gby ijhba\_^_gh ihjhrdh\h_ hdjZrb\Zgb_ jZfu

ih ^_ckl\mxs_fm l_oijhp_kkm k ihke_^mxs_c ijh\_jdhc Z^]_abb \ f_klZo gZg_k_gby

Zglbijb]Zjgh]h ihdjulby. :^]_aby ihjhrdh\h]h ihdjulby khklZ\beZ 2 [ZeeZ ih =HKL
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15140-78 [8], qlh khhl\_lkl\m_l lj_[h\Zgbyf dhgkljmdlhjkdhc ^hdmf_glZpbb gZ

ba^_eb_.

K\Zj_ggZy jZfZ mki_rgh ijhreZ dhgljhev dZq_kl\Z, ihke_ q_]h gZ g__ [ueh

gZg_k_gh ihdjulb_ ih k_jbcghc l_ogheh]bb. Ihke_ Zll_klZpbb jZfu k ihdjulb_f hgZ

[ueZ hlijZ\e_gZ gZ ^Zevg_crmx k[hjdm.

<u\h^u

Ijb ijh\_^_gbb k\Zjhqguo jZ[hl ijbf_g_gb_ Zglbijb]Zjgu_ ihdjulby kh

k\yamxsbf gZ hkgh\_ dZj[hdkbf_lbep_eexehau k h]g_mihjgufb gZihegbl_eyfb Al2O3,

ZrO2 b Y2O3 iha\hey_l agZqbl_evgh mf_gvrblv gZebiZgb_ [jua] jZkieZ\e_ggh]h

f_lZeeZ gZ k\h[h^gu_ ih\_joghklb ba^_ebc b kgbablv aZljZq_ggu_ q_eh\_dh-qZku gZ

ihke_^mxsmx aZqbkldm k\Zjguo r\h\.

Kh]eZkgh j_amevlZlZf f_lZeeh]jZnbq_kdbo bkke_^h\Zgbc, dZq_kl\h k\Zjguo r\h\

g_ aZ\bkbl gZebqby gZ bkoh^guo aZ]hlh\dZo aZsblgh]h ihdjulby. Ijbf_g_gguc khklZ\

e_]dh m^Zey_lky ijhlhqghc \h^hc [_a ijbf_g_gby ^hihegbl_evgh]h h[hjm^h\Zgby.

Ihdjulb_ k ]ebgha_fhf (Al2O3) ih LM 20.59.59-001-15679575-2024

j_dhf_g^h\Zgh d \g_^j_gbx \ ijhfure_ggh_ ijhba\h^kl\h ^ey aZsblu k\h[h^guo

ih\_joghkl_c hl [jua] jZkieZ\e_ggh]h f_lZeeZ ijb hi_jZpbyo ^m]h\hc k\Zjdb.

Kibkhd ebl_jZlmju

1. LM 1227-007-93827560-2020. Ijh\hehdZ k\ZjhqgZy kiehrgh]h k_q_gby fZjdb SG2 (ER70S-6).

L_ogbq_kdb_ mkeh\by. J_^Zdpby 5, :[bgkd, 2020 ].

2. LM 12227-200-55224353-2018. Ijh\hehdZ k\ZjhqgZy kiehrgh]h k_q_gby fZjdb HD IJH 51K

^ey ^m]h\hc k\Zjdb m]e_jh^bkluo b gbadhe_]bjh\Zgguo klZe_c i_jeblgh]h deZkkZ \ kj_^_

aZsblguo ]Zah\, HHH «WK:;», Fhkd\Z, 2018 ].

3. =HKL 6912.1.-93. =ebgha_f. L_ogbq_kdb_ mkeh\by. F.: Ba^Zl_evkl\h klZg^Zjlh\, 1994.

4. LM 48-4-524-90. Hdbkb j_^dha_f_evguo we_f_glh\.

5. =HKL 21907-76. Pbjdhgby ^\mhdbkv. L_ogbq_kdb_ mkeh\by. F.: Ba^Zl_evkl\h klZg^Zjlh\,

1985.

6. KhklZ\ b kihkh[ ijb]hlh\e_gby ijhlb\hijb]Zjghc djZkdb ^ey ]jZnblh\hc ebl_cghc

hkgZkldb ijb ieZ\d_ b eblv_ obfbq_kdb Zdlb\guo f_lZeeh\ b kieZ\h\, aZy\dZ gZ iZl_gl, FID

<22K 3/00, 2021.

7. =HKL 5264-890. JmqgZy ^m]h\Zy k\ZjdZ. Kh_^bg_gby k\Zjgu_. Hkgh\gu_ lbiu,

dhgkljmdlb\gu_ we_f_glu b jZaf_ju. F.: KlZg^Zjlbgnhjf, 2010.

8. =HKL 15140-78. FZl_jbZeu eZdhdjZkhqgu_. F_lh^u hij_^_e_gby Z^]_abb. F.; KlZg^Zjl-

bgnhjf. 2009


