ISSN 1815-2066. Nauka innov. 2018, 14(5): 62—68 https://doi.org/10.15407 /scin14.05.062

Bondarenko, B.l., Kozhan, O.P., Dmitriev, V.M., Rjabchuk, V.S.,
Strativnov, E.V., and Simeiko, K.V.

The Gas Institute of the NAS of Ukraine,
39, Degtyarivska St., 03113, Kyiv, Ukraine,
+380 044 456 4471, +380 044 456 88 30, k_simeyko@ukr.net

DEVELOPMENT OF TECHNOLOGY AND TRIAL PRODUCTION
OF EXTREMELY HIGH RESISTANT NANOPOROUS
GRAPHITE SEALERS FOR NUCLEAR REACTORS

Introduction. As a result of termination of cooperation with Russian Federation, it became necessary to diversify
supplying not only nuclear fuel, but also goods and materials for assembly, operation, technical maintenance, and repair of
power engineering equipment.

Problem Statement. Critically important products include, in particular, gaskets for sealing the plug-type connections
of reactor units with water-cooling equipment, for example, I'B-1000M steam generators. For the time being, the existing
reserves of TEG (thermally expanded graphite) gaskets imported from Russia for upgraded steam generators 1B-1000M
and NB-213 have been almost exhausted, therefore there is an urgent need for the domestic production of these and other
TEG sealers.

Purpose. Development of technological framework for manufacturing TEG sealers for the NPP technological equipment.

Materials and Methods. Graphite foil of different manufacturers obtained from original natural graphite, conventional
methods for measuring the physico-technical characteristics of sealing gaskets.

Results. Within the framework of the conducted R&D works, the physical, technical, and physicochemical properties of
graphite foils made of natural graphite derivatives by various manufacturers have been established,; molds of two standard
sizes have been designed and manufactured; the technology for molding the sealers from graphite foil has been tested;
specific compression force to obtain the sealers of given density has been determined; specific compression strength of the
obtained gaskets has been established.

Conclusion. The obtained results can be used for developing a new pilot manufacture of TEG sealing gaskets by domestic
corporations.

Keywords: thermally expanded graphite (TEG), nuclear power plants, process equipment, and sealers.

The problem of leak proofness of the plug-ty- | structural elements. The strength and tightness
pe connections of reactor plants has been among | of sealers is a precondition for trouble-free ope-
the most urgent ones in designing, manufactu- | ration of reactor plants.
ring, operating, and repairing NPP equipment. Traditionally, almost all plug-type connections
Depressurization can lead to accidents involving | were sealed with nickel rings. As ring is com-
the release of radioactive coolant outside the cor- | pressed, nickel, due to its properties, hardens as
responding loop of the reactor plant, as well as | result of strain and becomes as hard as the sealing
cause corrosion damage to the reactor plant | surfaces of plug-type joint flanges, which are
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faces, which changes their geometry. Over the
years, these processes are intensified, plastic de-
formations are accumulated, and the seal assem-
bly loses its tightness. The sealing surfaces need
to be repaired to restore their design geometry,
but this does not always lead to a positive result.
In the early 1990s, leakages of plug-type connec-
tions of WWPR (water-water power reactor)
plants occurred massively, which led to NPP
forced outages until the joints were resealed. The
technological principle of manufacturing the sea-
ling elements made of graphite foil obtained by
thermally expanded graphite (TEG) rolling is
based on the results of research carried out at
Joint-Stock Company Research Design Bureau
HYDROPRESS (Russia) and aiming at upgra-

ding seal assemblies of steam generators PGV-
440 and PGV-1000M [1—9].

Five samples of TEG foil from three manufac-
turers have been used while studying the tech-
nology for compression of TEG sealing elements,
at the Institute of Gas of the NAS of Ukraine:

a) FG-1IG graphite foil manufactured at the Ins-
titute of Gas of the NAS of Ukraine. The foil is
made of TEG made at and using the technologi-
cal equipment of the Institute of Gas of the NAS
of Ukraine. TEG is obtained from oxidized grap-
hite of Zavalievsky graphite plant, using the tech-
nological equipment of the same institute. The tech-
nology for obtaining TEG is described in [10, 11];

b) TMG-F/V2 graphite foil manufactured by
LLC TMSpetsmash (Kyiv, Ukraine) made of TEG

Table 1
Physical, Technical, and Chemical Properties of Graphite Foil Samples used in Experiments
for Improving the Technology for Manufacturing Sealing Gaskets
Type of graphite foil
Parameter

FG-IG TMG-F/V2 GF-1 GF-2 GF-3

Appearance TU U 26.8- TU U 26.8- TU U 26.8- TU U 26.8- TU U 26.8-
30969031-002- | 30969031-002- | 30969031-002- | 30969031-002- | 30969031-002-

2002 * 2002 * 2002 * 2002 * 2002 *
Thickness, mm 0,19—0,22 0,42 0,51 0,53 0,21
Density, g/cm?® 0,98 1,01 1,0 0,82 0,91
Carbon content, wt % 99,0 99,3 98,7 97,8 97,7
Ash residue content, wt % 0,07 0,44 0,84 1,9 1,9
Sulfur content, wt % 0,10 0,11 0,12 0,12 0,12
Tensile strength along the rolling 3,3—4,2 4,2—5,0 3,739 3,3-3,5 3,5—4,0
axis, MPa**
Tensile strength across the rolling 2,7—29 4,0-4,9 3,4—3,7 3,0—3,2 3,1—3,9
axis, MPa
Electric resistance along the rolling| 7,1 x 10° 8,2x 106 6,6 x 1076 7,4%10°6 7,1x10°6
axis, ohmem
Compressive ratio in a free state, 37,0 36,0 34,0 37,0 35,0
under a pressure of 35 MPa, %
Restorability after release of pressure 11,0 14,0 12,0 15,0 14,0
of 35 MPa, %

* — foil surface is flat, smooth, having neither nicks, nor scratches, nor ruptures, nor burns, nor buckles, nor laps, nor
corrugations, nor foreign impurities; ** — limiting values obtained for 5 samples.

ISSN 1815-2066. Nauka innov. 2018, 14(5)

63



Bondarenko, B.l., Kozhan, O.P., Dmitriev, V.M., Rjabchuk, V.S., Strativnov, E.V., and Simeiko, K.V.

342,50

@29

\4
A

@20

2 @41 x45°
92
102

e

RN
COTEITIIITITIIIIII

112

~
-

Do
»
>
-
>
>

15

12

@50

\4
A
acka 1 x45°

Fig. 1. Mold prototype of standard size 1: 7 — outer chase;
2 — supporting ring; 3 — inner chase; 4 — plug; 5 — gasket

of its own production, by rolling, without binder;
TEG is obtained from oxidized graphite produced
in China;

¢) GF-1, GF-2, GF-3 graphite foils supplied by
BONUM GROUP LLC (Zaporizhzhia, Ukraine),
manufactured by Yichang Xincheng Graphite Co.,
Ltd., China; meet the requirements of the XC-
120109 standard.

The physical, technical, and physicochemical
characteristics of graphite foil GF measured in
the course of study are given in Table 1.

Experimental samples of gaskets are made us-
ing press molds of standard sizes (Figs. 1, 2).

The graphite foil is wound into rolls on inserts
having a diameter over 90 mm. The roll length

must exceed the width of the foil, at least, by 10%.
The roll mass is not regulated. Before pressing,
the graphite foil is cut into strips having a width
of 20—25 mm, with the total length of the strip
segments corresponding to a given mass of gas-
ket based on the density of the gasket material
(1.80 g/cm?).

The graphite foil strips of appropriate length
are wound around the rod of press mold manual-
ly, keeping the required winding density. Further,
a certain mechanical method for winding will be
provided for molds having dimensions meeting
the specification requirements.

For pressing the sealing gaskets, hydraulic
press with a working table of required dimen-
sions and a compression force indicator is used.
The specific compression force is 150 MPa. After
the end of compression, the gasket is held in the
press mold, in compressed state for 5—10 addi-
tional seconds to prevent a high rebound after
the release of pressure. The finished gasket is
treated with fine-grained abrasive material to
remove scratches and tears.

For each type of source material, 15 gasket
samples are made, 5 of which are used for measu-
ring the ultimate compressive strength, and 10
samples are used to determine the density cha-
racteristics of gaskets.

The ultimate compression strength of TEG gas-
ket prototypes is measured in accordance with
TU 5728-006-12058737-2005 "Sealing gaskets of
thermally expanded graphite”. The method pro-
vides for applying the axial load to the prototy-
pes located between two parallel supports, until
the prototype is destroyed. The tests are carried
out at a temperature of 20 °C. The gasket is pla-
ced between the two supports. The load is applied
smoothly (without shocks) until the prototype
is destroyed. The maximum load (Q) recorded
before the prototype is destroyed is used to deter-
mine the ultimate compression strength.

The ultimate compression strength o) in
MPa, is calculated by the formula:

GCT. = Q/‘F 0
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where Q is maximum load recorded before the
prototype destruction, N; F, is prototype’s work-
ing surface area, mm?.

The ultimate compression strength value has
been determined as arithmetic mean of tests of 5
prototypes.

The test results are shown in Table 2.

The ultimate compression strength of HY-
DROPRESS gasket prototype is 9.5 MPa, which
ensures the proper density of plug-type connec-
tions of NPP technological equipment.

The aforementioned research has been carried
out at the research base of the Institute of Gas of
the NAS of Ukraine, using the existing techno-
logical equipment. The tests at a pressure of 350
kg/cm? have been done on the test stand of
ATOMPRILAD Design Bureau of Energoatom
National Atomic Energy Company. The mold for
making TEG gaskets for steam generator PGV-
1000M has been designed and manufactured at
the Brovary Plant of Powder Metallurgy. The
gasket prototype manufactured at the same plant
completely fits the seal assembly of the steam
generator. This means the design is based the cor-
rect assumption of the gasket expansion after its
removal from the mold. Currently, at Atomener-
gomash, where the necessary production facilities
and equipment are available, there are created a
complete cycle for manufacturing the TEG gas-
kets. In the test mode of production site opera-
tion, several samples of sealing gaskets having
standard dimensions have been made.

According to the research results, a technology
for manufacturing the TEG sealing gaskets by
pressing a semi-finished product, the graphite foil
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Fig. 2. Mold prototype of standard size 2

has been developed. The physical and chemical
characteristics of graphite foil and their influence
on the properties of finished products have been
studied.

The tests of TEG gasket prototypes have
shown that their mechanical strength is 30—35%
lower than the strength of the previously used
TEG gaskets manufactured by HYDROPRESS
(Russia). It has been established [12] that pre-
treatment of the derivative graphite foil by in-

Table 2
Ultimate Compression Strength of TEG Gasket Prototypes
Type of graphite foil
Ne Parameter
FG-1G TMG-F/V2 GF-1 GF-2 GF-3

1 | Ultimate compression strength (o,,), of

standard size 1 gasket, MPa 6,47 6,20 5,46 6,76 6,45
2 Ultimate compression strength (o,,), of

standard size 2 gasket, MPa 6,09 6,11 5,77 6,55 6,77
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creasing the roughness of its surface enables a
20—30% increase in the mechanical strength of
the gaskets.

While manufacturing the gasket prototype of
standard size for the steam generator PGV-213 it
has been established that the gasket expansion
after its removal from the mold corresponds to
the results of previous studies.

Today, the Institute of Gas of the NAS of
Ukraine continues research works to improve the
mechanical strength of gaskets by pretreatment
of graphite foil, in particular, by increasing the

surface roughness. Based on the results, the pat-
ent of Ukraine for invention [12] has been re-
ceived and two applications for the patent of
Ukraine have been filed.

The research results are used to create a pro-
duction site for manufacturing TEG gaskets at
one of Energoatom enterprises, Atomenergomash.
The implementation of the entire production cy-
cle for manufacturing the TEG sealing gaskets
will eliminate the import dependence of the coun-
try and increase the safety of the operation of do-
mestic nuclear power plants.
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PO3POBKA TEXHOJIOTTI TA CTBOPEHHS JJOCJIITHOTO
BUPOBHUIITBA HAHOHIAPYBATUX I'PAOITOBUX YIIIJIbHEHD
EKCTPEMAJIbHO BUCOKOT CTIMKOCTI /11 IIEPHUX PEAKTOPIB

Beryn. Y 3B’s3ky 3 (haktuuHuM npunuHeHHsM criBnpaiii 3 Pociiicbkoio Dezepalti€to, ocTaHHIM 4acoM BUHUKJIA
HeoOXiAHiCTh AuBepcudiKallil II0CTABOK He JIUIIE SEPHOTO HAJIUBa, ajie i BUPOOiB Ta MaTepiaiB, HCOOXIIHUX JIJISI MOHTAKY,
eKCIUTyaTallil, TeXHIYHOrO 06CIYrOBYBaHHS Ta PEMOHTY €HEPreTHYHOTO 00JIaiHAHHSI.

IIpo6aemaTuka. /[0 KPUTHYHO BasKJIMBUX BUPOOIB HajIekKaTh, 30KPeMa, VIIJIBHIOOYI TPOKIAIKN A TepMeTH3alii
pPO3'eMHUX 3'€[HaHHD O0JIAJIHAHHSI PEAKTOPHUX YCTAHOBOK 3 BOJO-BOISIHUM €HEPreTUYHHM DPEAKTOPOM, HAIPUKJIA]I,
maporenepaTopis [II'B-1000M. Ha croromani mpaktTnaHO BUdepriaHo HasIBHI pe3epBH paHillie iMITopToBannx 3 Pocii mpokramok
3 tepmoposiupenoro rpadity (TPT) mns mopepuizoBanux maporenepatopis I[ITB-1000M rta TIT'B-213 i mae wmicue
HeBikIa/1HA TOTPeba HATTATO/UKEHHS BITYM3HSHOTO BUPOOHUIITBA [IUX Ta IHIINX YIiIbHIOYNX eneMeHTiB 3 TPT.

Mera. Po3pobka TeXHOJIOTIUHIX 3aca/] BATOTOBJIEHHS yiiibHIounX exemenTiB 3 TPT mis yerarkysanus AEC.

Marepiamu it meromu. IpaditoBa (osibra pisHUX BUPOOHUKIB, 1O OTPUMaHa 3 BUXIZAHOTO MPHPOAHOrO TpadiTy.
CrangaptHi MeToid BU3HAUEHHS (Di3UKO-TEXHIYHUX XapaKTEPUCTUK YIIIJIbHIOIOUIX TPOKJIAIOK.

Pesyabratu. Y pamiax MpoBeeHUX JIOCTI/KEHb Ta TEXHOJIOTTYHUX PO3POGOK Oyso BudHaueHo (i3WKo-TexXHiuHi Ta
(isuko-ximiuni BaacTUBOCTI rpadiTOBOI (GOIBIU Pi3HUX BUPOOHUKIB, OTPUMAHOI 3 IOXIAHOIO MPUPOAHOrO TpadiTy.
Po3pobiieHo Ta BUIOTOBJIEHO Hpec-PpOpMH JBOX TUIOPO3MIPIB, arpoOOBaHO TEXHOJIOTI MPECYBAHHS YUILIbHIOIOUIX
eJIeMeHTiB 3 TpadiToBoi (HOIbrH, BUSHAUECHO TUTOME 3YCHILIIS TPECYBAHHS I/ O/IePKaHHS YIIIJIbHIOIOYHX eJIeMEHTIB 3a/1aHO1
IyCTUHU. BCTaHOBIEHO TTOKA3HUKH 111010 TUTOMOI MIITHOCTI O/IepsKaHUX IIPOKJIAJI0K IIPU CTUCKAHHI.

BucHosku. OrprMani pes3yJibrati J0CTiKeHb MOKYTh OyTH BUKOPUCTAHI JIJIsl CTBOPEHHS IOCTIIHOTO BUPOOHUI[TBA
VIIbHIOUNX MPokaafok 3 TPI Ha BITUN3HAHNX MiIPIEMCTBAX BiAMTOBIAHOTO TPOdiTIo.

Kuwouoei crnoea: repmoposiupenuii rpabit, aTOMHI eJIeKTPOCTaHILil, TEXHOIOrIYHe O0JIaIHAHHSI, YIIIJIbHIOY eJie-
MEHTH.
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PASPABOTKA TEXHOJIOIMN 11 CO3AAHUE OIILITHOI'O
IMTPOMN3BO/ICTBA HAHOCJTONCTBIX TPAOUTOBBIX YIIVIOTHEHU
9KCTEPMAJILHO BBICOKOM YCTONYUBOCTU JIJId A EPHBIX PEAKTOPOB

Beeaenue. B cBssu ¢ daxTnaecknm mpekpariennem corpyaandectsa ¢ Poccniickoit Mepepanueii, B mocireiee Bpemst
BO3HHKJIA HEOOXOAUMOCTD IMBEPCUBHUKAIINH TTOCTABOK HE TOJIBKO S€PHOTO TOTLINBA, HO U M3JIEJNIl 1 MaTePUAIOB, HEOOX0-
JIMMBbIX JIJIsI MOHTAJKA, 9KCILIYATAIlUU, TEXHUYECKOTO OOCIYKUBAHUS U PEMOHTA IHEPIeTUIECKOTO 060PYI0BAHUSI.

IIpoGremaruka. K KpuTHuecKr BasKHBIM M3/€JIUSIM OTHOCSITCSI, B YACTHOCTH, YILIOTHUTEJbHbIE TIPOKJIAJIKH JIJIS Tep-
METH3AIUI PA3beMHBIX COEMHEHNI 000PY0BAHNST PEAKTOPHBIX YCTAHOBOK C BOJO-BOIHBIM JHEPIeTUYECKUM PEKTOPOM,
nanpumep, naporereparopos I1I'B-1000M. B nacrosiiee Bpems npakTHUECKN UCYepHaHbl UMEIOINECS PE3EPBbl UMITOPTH-
pyembix u3 Poccun npoksaniok ¢ repmopaciupensoro rpagura (TPT) nas mogeprusupoBanHbix maporereparopos [11B-
1000M u IITB-213 u umeer Mecto ocTpast HEOOXOAUMOCTh HAAKUBAHKS OTEYECTBEHHOTO IPOU3BOJACTBA 3TUX U JIPYTUX
VILUIOTHUTEIbHBIX 371eMeHTOB ¢ TPT.

Iexns. PaszpaboTka TEXHOJOTHYECKIX OCHOB M3TOTOBJIEHHS YIIOTHUTENBHBIX ateMenToB ¢ TPT mist o6opynosanus ADC.

Marepuansl ¥ Meroabl. [pacduroBas dosbra pa3jndHbIX IPOU3BOAUTENEH, MOJYyYeHHAS U3 HCXOHOTO MTPUPOJHOTO
rpadura. CtaHmapTHBIE METOABI OIpe/iesieHNsT (PU3NKO-TeXHUIECKUX XapaKTePUCTUK YIIOTHUTEIBHBIX IIPOKJIA/IOK.

Pesyabrarbl. B pamMkax MpoBe/IeHHBIX HCCIEOBAHNHN 1 TEXHOJOTHIECKUX Pa3paboTOK OBLIH OMpeesieHbl (hH3NKO-TeX-
HUYecKue U PU3NKO-XUMUIeCcKue CBOCTBa rpaduToBOil (hOJIbIY PA3HbIX IPOU3BOIUTEIEH, TOJyYeHHO U3 UCXO[HOTO MPU-
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poxHoro rpagura. PaspaboTaHbl U U3rOTOBJIEHBI Ipecc-(pOPMbI ABYX TUIIOPA3MEPOB, HCIIBITAHA TEXHOJOTUS [TPECCOBAHM
VIUIOTHUTEJILHBIX 9JIEMEHTOB U3 TpauTOBOI (HOJIBTH, OIIPe/IesIeHO YAeAbHOE YCHIINe IPEeCCOBAHNS IS OIyYeHHs YIIOT-
HUTEJIbHBIX 3JIEMEHTOB 3a/[aHHON IJIOTHOCTH. YCTAHOBJIEHBI IIOKA3aTEH 110 Y/IeJIbHON TPOYHOCTH MOJYYEHHBIX TPOKJIA/I0K
IIPH CXKATHUU.

Bsisopl. [Tosyuernbie pe3yasTaThl HCCAEAOBAHUNA MOTYT OBITH UCTIOIBL30BAHBI JJISi CO3[IaHUS OIBITHOTO IPOU3BOJICTBA
VIUIOTHUTEJBHBIX TPoKJIaok 13 TPI Ha oTeuecTBEHHBIX IPEATIPUATHSAX COOTBETCTBYIONIETO TPOMUIIAL.

Kutwoueevie croea: TepMOpaciiupeHHbIN rpapuT, aTOMHbIE 3JIEKTPOCTAHIMU, TEXHOJIOTHUECKOe 000PYI0BaHUE, YII-
JIOTHUTEJIbHbIE 9JIEMEHTBL.
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