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Abstract

Since the beginning of the new millennium, the concept of "3D" has firmly
entered our daily life. 3D printing technologies open up new possibilities for us in
creativity, science, technology and everyday life. A 3D printer, or three-dimensional
printing machine, is a unique modern tool with which the smallest ones, starting from
parts with nanoparticles, can print macro and objects of a huge volume. In 3D printing
technology, a digital model of the structure of an object is initially created in a
computer, which interacts with a printer and, as a result of an appropriate command,
begins to form a layer-by-layer product. The advantages of 3D printing over
conventional printing are high speed, simplicity and relatively low cost. A 3D printer
is actively used in various industries: construction, medicine (for example, for the
manufacture of various organs, new generation prostheses), furniture manufacturing
(for example, furniture)., Reconstruction of modeling models and creating accurate
analogies), toy manufacturing (for example, Various figurines and board games,
inscriptions and decorations), the food industry (for example, the food industry)., the
production of complex shaped candies), the production of clothes and shoes (for
example, carbohydrates)., the creation of new, unusual models), etc.

Graphene It is a single atom thick sp2 carbon crystal. Its two-dimensional
structure gives it many unique properties, such as high Young's modulus ("1 TPa),
large active surface area (maximum theoretical value 2630 m2/g), excellent thermal
conductivity (T3000-5000 V/u), and excellent electrical conductivity (for regenerated
graphene oxide monolayers ~102 siemens/m). Graphene sheets have been successfully
used as fillers in polymers to investigate how they affect the polymer's mechanical
strength, fire resistance, electrical conductivity, and other properties. However, the
main problem faced by graphene/polymer composites is phase separation between
graphene sheets and polymer during the synthesis process. In order to avoid the
problem of phase separation and graphene aggregation, we used graphene oxide and
regenerated graphene oxide together with graphene. Polydimethylsiloxane was
chosen as the polymer matrix.

The doctoral thesis describes the synthesis and research of polymer
nanocomposites using carbon nanostructures. Polydimethylsiloxane was used as a
polymer matrix, to which graphene, graphene oxide and reduced graphene oxide
were added in different (mass) concentrations. The methods of mixing solutions and
mixing solutions were mainly used. The structural and morphological research of the
obtained materials was carried out by ultraviolet and infrared spectral methods,
Raman spectroscopy, X-ray, electron microscopy. The electrical properties of the
graphene/polymer composite were also studied.
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30583960b mgbool 353OEIIdNo LAHONIGNOYWwo dnEywo b39-
690L, M3 dobo  FMOEOL 30009900 JOMOMOI YIS 0MbOBOMmYGds©O
3900mJbool 35530l X yMBJdoLYSD, MMIWIdOE 30OMBOEMM0s. 0d53MM-
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35009MLol dmEOBOEMYOMWo TgmMmEo- Msxgbol mJlool dowqdols
bbgo@olbgs  890m©ado  SMOLYIMBL, 0330039  FMOxgbol  mdloo
93900 0dbs  353396OLOL  FMEORO(3MJOMEo  FJOMPOm, OMIJO3
9 Mdomgmdl 99009 d0: 4 3 bsBHMMHO 3M930E0L BOMBOEHJOL 9dsB9ds 12
de HaSOs o 8 9 of P20s . bsg3l 9969396 dopbo@«e dmdcmggbg 6 Lor-ob
296035¢0md58d0. 12 dg H2S04 093 9353909 8 4 K25208 gromsqo. 65693l oligg 969396
6 Lo, 9909 396539096 300 e OLEHOWOMmYdMwo fywom. dowgdrw
bML3g6B0s 0BOWEHEMYGOS s TOYds 60°C-Bg 2 Lo. sbgmo gbom obslfs®
05595699900 3553030 3b3BoE0sb 00996 2 4 s MTo3gd9b 92 dgw H2SO4 o
12 3 KMnOs Bstrggls 39008030 8cmg30L 3060:md9030 {geols s35Hsbsby. 15 for-ob
99009y 9953905 2 3 NaNOs. 5dol 9909y 656M93L 9M9396 2 Lo Mmmsbols
A99396M5¢MM5Bg. Imy3056980m 9ds?3gds 200 A obiE0oMmgdwo gsewro s
65693l 30093 M9396 15 foo. 999y BsM30 0T0WEHMGdS O BOWEHGIEO
0693bgds HCl-om (10%). 300gdmeo go30bi3960 bylidgbbos d0gds 30 oo 60°C-
D9. LOdMEMME BowGHOSEGO FMYdS 35960Bg @S 9FoGJds H.0:. 8tY30moMm-
453013900 Bb3bowo 06MyEbgds Mdowo fywom 3 x9M, MMFMFOW L
305LsLMM39e0 dobostgz900. FIMowo AMRbol mdlool Bbzbowro doowgds
RBOWEGHMEOL 35OHMd0m 60°C-Bg 4 Lor-ob 456353 MdST0.

30583030 756330l 3Om3gbo C-H2504-[O] LobEgdgddo ([O] = KMnOs)
d90d9ds 50)gMHoo 0gmb 89990 BMOHIYwom:

3H2S04 + KMnOs = MnOs* + K + H3O* + 3HSO«
MnOs + MnOs* = Mn20y
H2SOs+ 5Cass* + [O] 2 H20 + 5C24"HSO4.2H2S04
5C24s*HSO4.2H2S04 + Mn207 2 5C240y + MnO2+ H20 + SO«

Loog  Cas  HoMBmoagbl 200303l o  CaustHSO4 . 2H2504965030E0b
0L RBHGHIO BMOHISTo.

dMHMPOL dgoOMPO- dMMEO 0gm 30M39w0, 3063 yodmoygbs KCIOs ddody,
ddmog HNOs-0 sbogwo  Jodozsdol  Lobmgbobmgzgol, Gmdgwos 8903936
B5bJoMdob, §569050L o §YoedoL. 53 30Mmbgmends LsdMTomad obsdomMmds
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3M5830¢0L BobEgwol bodolbols BOs. Fsb goMgisbs 3oME0s 3MMEILOL ML
0o008mgdbogro 8s®0gdol ImbsdmMgdws©, §gowo ssmMmdws b 100 °C
A99396M5¢ M5By ©5 90T VMBS F9BA30L go®qdmdo. 53 3OMi3gLoL
LodX GO  2o989mMgdol 909y HoMImogdbs TsLoews ,00s Yyzomgero  BgMob®,
MOMdgog 9O 033wgdmEs d9damdo  oba30l  ©sddsgzgdom. sbodbmmo
36OMmOMJGHoL  ggdgbGHomyro  sboerobols  Jobgzom, dsb  Fgmaz0035bs
05595639900 553030l LsdMEMM FMWY32)IH0 OIS, OmymE 3 CiiH4Os.
3905 530y, 36 s9Y0bs, BMT J0d035BH0 OL3IMROMPIOMPS GHGHgdo b
bLrgoms fgoedo, Boaed 0¢9dgdms 35939 39M9gdmdo. Lodmermmo JoMHgdmEo
60300096900l 220 °C-Bg 453b9gdol 9909350 BoHJ0MTso35L S BsHToMdSOL
mdJboOol 5OQbsd godmofjgos dsbogrol C:H:O 893500y9bermdol (3300 gds
80,13:0,58:19,29-0¢09. o035, 30bgs35 0doby, MM 53 &gdbozsl dgmdeos
3M5830GHOL 5196935, Jobo godmygbgds IgbeEMEos Mgodizool boba®derogo
QOMOLYS S BET0To 25DGdOL ASTMYMGOl ASTM.

UBombdsog®ols dgomEo- dMMOL  (3gdbogol  olowmdxmdglgdersc,
U3999963509M TS 5353 FMR0MEOL F55308 OO MHOMPIBMDS O Tg6Y930
52963900 F5630 MomEgbmds. 3MB3EIBEHMOMGIMOo AmA0MEOL Ix535L (H2504)
69350 5¢0g3MmGH0 99353 s dMMOl KCl03-3dmemsgo HNOs gm®d«erols
55956330l 96560l SBSMWYOES®, 35¢0ToL JurmEsEol blbsMo 8939s3s
M95d3o0l  bs6rgzdo domgwo  dgomol  gobdogermdsdo. 93 33w0Egdgdds
d9L5dWYOIE0 QOB JWOYIMHSP 79BN Mo3960L MmJLogol d9ddbs gt
LSM9od30™ FMOFgedo, Modsi 360336930 295FMEH035 4953960l MmJLool
LobmgHOL FH9dbogzs. MMz, LEIM©IBTs0MmOL FgmEOL QomdXMdGLYdSD 56
50dmxbgzms dGMm©ol dgomEol boMzgbgdo; osgsba30L 3MMEIMGS 33003
635393900 5 LEMOLZM 0Ym. 35¢0MAolL JurMmEsGHOL ©ToGJds FgodEgds
2393039l 9hHm 330605Dg 9@ HBoBL s FgodErgds dmbogl “hyzgEHo Lbsdodo
2390l 5539490900, HMEILSE LBEOWEIOS JmMolb Eomdboo  0bgdEmwo
39H00b. 58 999nb393530 LoFoMMS 5T 596830l IgnMmEOL I9EHO BMPOTBOI3F0S b
39630056905, L6553 Aol BoONME 45dM0Yg69d9b.
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"300)MOqbs  dbsdosbo s  Lsdodos, 3mxdsbds s Ubg.  godmoygbgls
306396G®0M9dMNmo  2ma0MEOL  F5035  3mdd0bsgosdo  3mbEIbGH®0MmgdM
SB™EHOL 355358096, OMAMOE 8mo3500 Tigobgogo, KClOs-l 93wgbl domeeo
05596330l 65Ol 5 B39 gdMog gdlobwmgds 5535 bLBMJO0D F9bAdsOL
ImEoEgdsL.  XIOXIOMO0m, ©5dwgb0dg 3319303 xamRds Fo®mdo@gdom
9mb0bs gM953960L mJlool Lobmgbo 53 Fgmmob sdmygbgdoo.

1.2.3. 50099600 gMs53960L Mmoo

5096000 4M5x83960L mJloo (LWGsmo 12) doorgds Bbgsslibgs dgom-
9000 gM5x3960L Mmool sMEYgbom: JodoGmo (30MsHBobo, bsdMomdol
0mMH30MOEO, MOYBMo  50II6900), gadBmmdodom®o, 0bgem G
5GHIMLGIOHMI0 259Mf35, IBIOHMWO 50PIBS s Bb3s. sy bo 4M553960L

mdbodo, BM6J309MH0 KABRIOOL MOMEIBMDS WITMIOIINYWOS 5EYIOOL
9900mEHY s om0 35M0MGdOL  TGLodEGIWMBSL 0derggzs. oy 9EgdGHEM-

J08096M0 B0 50EIBoLLL C:O FHmeros 23,9:1. 509600 AMsn960L mdloo
DoM0MogbL 3567 M9goa9bBL 9699500899(33900 BMBI30MM0 XMBJdIOL Bobo-
65330909 ©9593090d0. JodomEMo AHBom 5MPIBHOLOL, EOMLY s S©0dYIbOL
0169059 ©93M300090vIgd0m, F00PGdS OMAMMOG boflowwmd®mog, oy momddols
LEOMWOHE 50600 AMRIBOL Mmoo [25,26].
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509600 4553960l MmJLlool LobmMgHBoL yzgwsbHyg 493039 gdmEo
9900mq005:  JooEMmOo 5090,  30OMMIOTMNWO s F0oIOMEIOYOO

slbogqds [27].

303OMEHIWOMMO ILL03Yds- 3M9x3960L mJbowl 0.15 4 MsmEebmdom
©0oL39MHR0MJds 50 I OLE. fyodo. bLmidgbBos MOgLEYds MW EMSORIOOD
305DbBg 1 Lom-ol 2obdzomdsdo s 909y 9ds@gds NHs-l Gooms pH-0s
dosoffomlb  osbermgdoom 11-U. sdob J9gdgy LL3gbBos Mogligds oM~
GO © dgedo 8 o-om 1000 3@-bg. domgdmewo blbs®o 0x30wEHMYOS s
0693bgds  gmowol  L3oMEdo. bsMbgbo olggz TMgds ©Mdgemdo 6 Lo-ob
396335 mds30 110°C-by.

30OM™MIMHTIMNOo S0Egbs- 1 4 aMo53960L mdlol 9ds@gds 100 de»
9000l B3oOEGHO s 9Mg3zs 30 fo. bLBsMO MH3LEYdS HMEMIE30L BHYBMbOL
X90bg o @3bgwgds 10 Lo-ol gob3gsErmdsdo 200°C-byg. 99dgy bLbsGO
080WEHMI0S S 0M93b9ds OLE). ywrom. Jogdmwo bs®hgbo dMgds Wmdgerdo
6 Lo-ob @ob6335mdsdo 70°C-Byg. dgo® dobol 9953HJds JEMOMBMEOTO
53093 MEGHMDRIO00  S05BIbDY 30 oo, d90yg 30 bgds bubsGOL
395EH®0xM0M905 5 for 4000 d6Hb30L Lobdo®moom.

J030m0 50905~ h39MgdM0g, Msx3960L MmJLool JodomMmo s0EYgbs
bgds ©ods  393396M5@ MDY, oL T9IRos3 F00YdMYWwo  sAbowo
3M553960L MmJboo Abyoglos FMxgboly, Boasd 90393L BoMBb HsbgdoUL, Lbgs
39396M5GH™IJOL s LAHO®IGHMOME IRIJAHIOL. 50YIoOL 3OHMEILOL MU

SA0WO 593l 4M9x3gbol  MmJL0WOSD  obgdsEOL  XAMBGIOL  9dgEgLuMdOL
I 30gdsl. 30GMsBoboL IMbm3oMs@o (N2H4) 560b godomme godmygbgdwyero

50dp9bo 939630, MMM 30M39ws© IMblgbgdmEo oym LEb3Mm3z0Rol s
bbggdol doge [bdgds 4]. Jobo gOHM-9MMO BMHZ5M0 ©Y30EMSEHILMDSS [yeobodo
3993 gMmds,  MMIGEoE  39dMm0Yyghgds  MHMaMmOE  Lool3gMbom  gsdblbgaro
36513960l mJlool s0Eygbol 3Grm39lgddo.
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(‘_/H H HO ) K?IH
(e}
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k N,H,

Uggds 4. 38960l Mmool g3mdloMMO XaMBOL 300MmIBOBom SeEygbols
d9gds60Bbdo

99dGH™MJod0mM0 50y bs- 309539608 mJloOL  sbadsol 89d339w0
5363000 X3BdoL  ggdBHOH™mJodomo  gerodobsgos  goblibgsgzgdyero
doaMdss. 3M953960L MmJLOEOL BWOEEWGdO b ZoMgdo  Tgodwgds gEg@e M-
J000Ms© 50  Mmmsbol  3H9d39MoE Dy dMRgMMEo  [gowblbs®ol

399mygbgdom B39Mgdm0g 99dBHOMmJodonE  535M9Gdo. JoBoWEOO  SMWOYI-
Bologob goblbgs3gd0m, 9w9d@®MMJodomEmo 50agbs BAoMmsw 56 bdsFoOHMIL 306-

36093 Jodo® 53963)L; 590l bozzwrs®, 999306090 bgds gwgdGHm©gdol
393B3W0m  9E9gdBHMHMPIdLs s Moxgbol mdlol FmMol. 3 Lodvsgosdo
d9L5dWGOYE0s 5306 0dbsl sE3oWgdMwo Bo3bg ©9oa9gbBYdOL godmygbgds,
MHMYMOMH0(355 30MsB0bO.

BMAH™MJ0doOHO  50Ygbs- oMs Bgdmm s©bodbmwo Igmmgdols,
3583960l mdlool  sMybs  Fgodegds 3mGH™Jodon®mo  3Om39LbgdoL
3990gg690000 RMEBHMIIGHIWODIGHMMOL Msbsmdom. 390l s LbZ. 933HMEMOOL
dogt 303mboz000 BEIGH0sd0 50hgM0os 0LIMO BMEMISEIOBIGHMOOL
2990mygbgds, GmamMoiss TiO2, 9gbsdergdgeros dolbo 35300609 Mog39boL
mdbooL BgEs30MdDY sOLYdIMM BMBI309O XAYBIOMD. Mo osdlbds
3995335 91939 90hgOL, ® OMME MHgmds bgwl TiO2-ob bsfowszgdo
36553960l MmJLOEOL SOAIBL 3N MOEME FEYMTMGMOSTO M EHESO00LGRIOHO
(UV) UBbogol ©90mddggdol Mml. dsm sB39b9L, Gmd ggdol 33Ws oS
45300390006 3Md 4o30LRYMSTEY S LEdMEMME F53DYg FoOLgEs Fgodergds
3990g9gb9dm 0465L 2M0x3960L MmJloolL vEYgbol boGolbol sboygbo.
3MWM0EOH0 BmOIom 3M13960L Mmool s0ygbs TiO2 Bsbmbsfowszgdols
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Q©b3oMm90000 MWEHMI00LGIO0 ELL0OZYdIOL 390 SO 35T5GTs. MMOILSS
30553960l mJloo gl L30MEHTO IPOL3YIMHFOMYINWOS ol FmSbmJzsls
909dH®mbgdl  TiO2  bsbmbsfows3zgdol  Lsdmomgdom  MEEHGH00LGRYOHO
5Lb03gd0L EOHMUL. HMAMOE BIBL, 3M353960L Mmool sAqbs TiO2-0l QoMo
d9L5dGOI0s BMEMIIGHIOGH0ZNNMSQ  SJGHOOO ToBogdol  godmygbgdoom,
MHMYMOMH0(355 ZnO s BiVOs.

5029000 2013960l MmJlool YRgJBHYdOL F9dz0cMmgdoL dgoMm©O-
d0bgo350 0doby, gMexzgbol ™MmJLloOL  sMEIBOL OHML SO  5d3L
969050008 999333900 BMBI30Mm0 XaMRBJOIOL F9I30MgdL, 5TOZPOMIESQ
b3 §963M0gdb9g0s 9x3gdEHY00. 9.§ 960939JLsgMmbocrEmo Mmoo, 35356L0gd0,
3000900 s bbg. 05960l s Lbggdol doge godmEsbowro sli3369d0L dobgzom,
50965 890degds gobbmM 309l 5Ygbol FgmM©YdoL s®RJ30m, M) SO
560l 30LbMLGdOL bs?3z9Hgd0 s MM B6J309M0 XYMBJO0? Fodmf39w9o
9899005, OMIWIO0E B3l AMx13960L MmJlool Bobdo®mdowol LodGMEHYqU.
509608 9999y, BosbToMdsol LodMEHYgdo FoLmbYdol ©IRIJGHIO0 MYROM
0o08m04db690s 556930l 3OM3EgLd0. gl bo®39Hgd0 SMOBYMLEYMHY0s, MoEYsb oo
3999905 360336900m3bs J999300mb 4MHs53960L boGolbo, dsm FmMol dolo

399960319600  LoIBHI0E) @O JYIBHOMPIFBHIOMOS.  5J9b  A5TMIEO0bsdy,

3300093905 5OPIBO0 46553960l MmJlodo IRIJHJOOL F9d0Mgds Jobo
bsGobbolb aobowdxmdglgdws®. dmerm dmbs3ggdgdol msbsbds, sw9bowo

30533960l Mmdlool IR9JEIOOL 89d30MGd0L J0MOMIEO FgoMEIdo IMOoEI3L

5039600  4M5x39b0ol Mmool IRYIEBHJOOL 30MHIZ0M  SVIMBHIMLL
dE0gM9Q 950gb500 3M3960L MmJlool LobmgBUL.

1.2.4. 6sbdoMmdsoL b65bmdoegdo

BobdoMdoolL 656MmT0Egd0 5M0L 300bE®mOL ZmMIAOL bsHAOMISOL SeMm-
AOM3Mwo 3mMIGo0, HMIWId0E Y39wsbg BoGoMmE FoMdmoddbgds Jodor®o
MONIJom EsRIBoL OML. Josm 5§43 Folsmas®o JodomEo, gargdGOmbmeo,
9995603960 s m3303M0 m30L9d900 [28].
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9603900560 65HT0MBdIOL b5BMB0EgdoLOYsD, GMIwgdoz LNYLEGI© G056
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Bobdomdool  Bsbmdoggdo (LyyGsmo 13) sbg3zg Fgodegds  3go3w9L

dogdlL, MHMIGMSE 99300 39M339390 bHA0MOdIOL 39Ol LEHMYIGHWGS
5 100 656m39EHODY 65300900 ©0sd9E®M0. sbgmo Jogdo s50dmsBobgl 1952 gl

6509939306035 5 ¢3056Mm30Rs.

B399906M030 (oMmdmgdol dgomEqdom  Fomdmgdmwo  bsbdoMdsOL
Bsbm3orol LogMdg Gmamea Fobo, dol OsTYBHODY ASE0LJI0D  OEOS.
5360950, 36535¢00 JoHBBoLMZ0L, LEdME MM JBIJEJOO0 MYIIIJLYMFBOOS O
65sbJoMdsolL Bobmdogdols LogMdg MLslBEME 0M3EYdS.

BsbdoMdool  Bobmdogdls  Jgmdeosm  4e8mgzeobmb  dglobodbsgo
999GHO0 359BHIMMBS, bemgrm Bbggd0 50056 Bobgz5M59EHotgd0. o0 91939
5930 296L53MMMGOME0 ©SF0TZ0L LOIOGMY. oM SToLY, oo JodoMMo©
9mox030090s  Jglsdergdgeros.  dmbogrmEbgmos, ®md gl m30L90900
0009090 046905 39dbmermaools 3936 LxgHMTo, GMAMMOES JEgdEOHM™bo3s,
33035 3MA3MBoGHMMo dsboggdo (65Hd0Mdsol 3mF3mgdol Bsbszlwgds 96
393L909), 65bMEH9dbmemyos s oL gdols dgEbogMgdols Lbgs godmyggbgds [29].

999560379600 »30L998900- bsHF0MBIOL  BsbmTogdo sl yz9wsby
dogho s bobGo Tsbows, GMIgos XIO 30093 90dmBgbowos ©sF0dz0l
LoIBH3I0EOLS O JEIBEGHOWMOMIOL FMEYEOL MZoEL BGOLOm. gl Lodwoghg
3990399905 6HToMBSEOL (39039 5GHMIGOL Mol Ho®dmddboero
3M359bG¥O0 sp? 339d0sb.

2000 §garls, 3693539000560 b5HA0MBSOL b5bM0s30 godmb3o9L 63
303935035¢00l s F0d30L LOIBH3039DY. 990yMATs 3300939935, HMYMGOESS 2008
Dol Bo@omgdmwo 9dudgmodnb@o, godmagaobs, ®ma 3539w bsbdoGmdsol
656m3ogdls 5943, =100 30393513558y, (ORYEY d99L505d9ds
33966/ 5@GMoLGHMEM dmgergdl [30,31].
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beyGsmo 13. 656306Mds@ols 6356mBogrs3gdols dozhmyMsgomwo bry@smo

9990 m30L99900- 2021 gl 3503w LEHG®bMA, Carbon P. Dubbs-
ol JodomEo 0b70bgmools 3Ormagbm®mds MIT-do 459msd3996s ©9356E9T9bE0L
51336900 BobTo®mdoOL 656MmBoEgdol gsdmygbgdols dgbobgd gwgd@®wwo
@960l FgL5dabgers. LEHM®IEHOJOOL MEOYBME  2odblbgerdo  Bsdo®zom
Lombgd gergdEHO™BIO0 453M0Y3z565 BsHA0MBdSEOL bofoer 390096 [32].

LEAHOBML LoGYzgdo oym 3FoGMYPOMWo: ,gL LT gdsl  2odErg30
3953900Mm®  99dGHOMJ0d0s, Fopa®ed F5300v9ol 490939 s FoMmTmoyqbl
96003690356 3009358 3H9dbmema0s8o. ImBsgz5¢0 53¢03530900 IMO(353L
do3mm 96 656m3slEHod05b0 MHMOdMEJOOL  FMToMoggdsl, S193g s 3Mm3merols
005596930l 0959430900 FoOMZSL, Bog 3603369 Mm3z5605 Jodo® 0bEMLEBHMOsdo.

Lobmgbo- 89085390105 396035 OO MO3MPIbMdOm 656MT0EdOL
DoM8mgdolgol, o0 ImEOOL WsHIMMEO B30, Jodowemo  mMmdwol
©93mboMgds (CVD) o 6.0. 53 36MHmEgLgdol  «9dgdEgbmds  dodobscgmdl
353710d0. CVD B0l d9mm©o 3m3ee®@)enos, Mo@ash ol 0dwggs domoe
50m9bMdsL s g3l 2963390 3MBEGHOMWO 0sdgBHHDY, LogMdgbg o
InORMWMR05Dg. FgLsdsdolo 3530 BoEMMGd0L 459mygbgdom, bsbmdowgdols
QOO M5MmIbMdom LobmgHBoMYds TguodErgdgeros o3 FgoMEYdom, FsMd
3968906 9050Mdol Jorfigzs CVD BOol 3005356 360:MdEqds 0d3939. 39O G030~
WM PobHmOm9dmmo bsbdoMdsEol bsbmdows3zgdo  0BOYds MgMHIMwo
JodomGmo  mOmdwolb  ©g3mbodgdom. LmdLGH®msGHo (339630, Lowrosomdo,
w539D2930 FMEOO @S 9.0.) PIBIOME0S 39390 BNHO ommbol (Fe, Co, Ni)
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19bom. HmymO3 Hgbo, gb B9bs 5L M30bs s WI3MboMmYds 1-5 63 Lolidgdwy
396308 aBom. 93 99gMmEOom IMIHBsEIIM bsHA0MBdSOL  656MToEgdL
g4m39m3oL 5430  d0bs693900, OHMYMM0Ess BsbdoMmdool Lbgs Bm®IGdO
(58mOHBMo  BsbToMdIO, BMWgMgbo @S 9.9.) O  9MBIHI0MdSEOMZIBO
9065693900 (@ommbo 253m0g4gbgds  35EHI0DIGMMOLMZ0L). gl Jobstg39d0
605 IMIMOHEYL 65HI0MBSEOL bobmTogdol dsdmyqbgdobmgzol [33-35].

1.3. 3merogodgmomliogmdlssbo

3m0dgemgdo  sMol  doboErgdol OO  3eslio, MHMIEWO03 BIOMMO
399Mm0ggbgds o  IM35¢0  LsdMgH3grm  Lodmberols  Lsgwydzgeros. olobo
Do00moddbgds  my®m  dzocg  ImE939gdol  (Bmbmdgdmgdol)  JodowmGo
399600900l 990939 s 59 9935300609390 IM9329gdols MHom@gbMmdoLy
9oboliosmgdegdol dobgzom, dgladwrgdgeos dsmo ™M30L9d900L (330 gds
[36].

0bgdM030  3m0dgmgdo b doM3ME0dgMgdo 6oL d6yd0Ib
900900, 5RO OMOE, 3MoLOJIM0EII0 s (30egdo. LobmgbwEo b6
bwm3zbmemo 3me0dgMgdo ofsMmdmgds IdMEMSGHMM0J0T0 ©5 JOMOMOWIE
9000905 65300MB0LYD, BoRdWOMO©, 53000, 3meogzobow JwmMowo (PVC),
30900 gbo s 3meodmmdowmgbo [37].

300dgM9dL MOl sGOL gEsliGMdgMgdo, MMIgdLss 9930 desbGo o
9sbGoMMo  mM308909%0.  3mWoEodgmowbommdlsbo  (bwGsmo  14),
bogmzgwomom©  3bmdowo MHmymei PDMS, s6ob  3033mbgbdo, 6Hmdgwoa
309399036905 mEOQBMBOMmJLsbgdol XML, PDMS 56H0b 439cs®g gosOGm™m©
299g9gb90o mGOHYIBMBOowMdLsbmmo geslimdgMo, HMIgeroi Fomdmowygbl
399330635009, 3mgbo bsgHPL d0MMH3LgdsEMdOL M30Lgdgdom [37].

obobo bdoms 43b309ds yMm39W VOGO 2sdmygbgdols 3GmodEqddo,
HMAMO0305  BobmgbMmo dmMF3mgdo, 3wsliBolzMemo  Bsbmgdo, Lormgdsgzgdo,
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303960 06MLEOO0S LHOOR® 20BN S POJLOLIMBO? JOMN-JOO
0©JL0 0bEMLEGHM0sS [39,40].

MmO 3 950360369m, 9OM-9M00 439woHg 39ML39JGH0ME0 JESLEGHMIgOHO
5oL 300dgmowlowmdbsbo. ol bslbosmgds 39600 Jodondo s
09OHIMwo  LEHIBOWMOMOOM,  BOMMIZLYISOMIOM,  JMOMDBooL oo
$obsomdgamdom, dmdbomdom, B  VOMIOGdOm,  #odmygbgdols
L0dsMGH030m, J0d0Mms© 0bgMEMEXMdOM s bbg.

PDMS-ob Lobmgbo B399 gdcog ofjygds odemmmmbiowsbgdols 3oMm-
WOoBo® s 3MmbbLS300L M95d3000, M EOMLsE J00MIdS F03XMMO
bsBm3z560 3meodgdgodo [41].

Lobogboll 98 dgomom 396m bgds  HoMImddbowo  3merodgMob
9 9g3M)Oo  dsbol  3mbGHMM®o, s30GH™md J00Egds B0  ™M30L9d9d0L
30dgM0, OMIGEbsg  3M9dBHozwo  3603369wmds 56 gosBbos.  5dgsb
39903006569, IMIWGMEMOHO  356M599BHMIO0L  QoLodxmdILgdws  Bgdmm
50b0dbeo dgomo Rsbs3gwgdmemo 0dbs 303e)mo Lowrmdusbgdol xsF30l
3obLb0 3080bs6Y 3tME0TgH0DBoEoOL MgodiEogdom [42].

Jodomo LEHM®JEHMOS F9g0s (Si-O) PmbBboLogsb s gobIgmEmadoo
(Si(CHs)2 O) 9600999¢0gd0Ls56, ®mdgero 990degds godmolobml 993gabsoto
CH3[Si (CH3)2 O]a Si (CHs)z, byosg n - 960b 2968906090500 9OH0gmegdols Hoisbgo.
b 39639mE93900  obLIBOZMH3L  oboggdol  BMmgIME®  Frmbsl, Mg,
d9L5d5dobo, 39bLsBO3M3L olbgom 03090900, OIULYUTOTeTE RN
30L3MmgSLEHOMOMDS. oMS 5dobs, (CHs) Ho®mdmoygbli Igmowol xamal s
(Si-O) HoM0mo9bL  LoermdLsbols 8d9d0lL  Lodwogmal, Moz 93 ToBOSL
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95LEH0MOMOOL el 1.32-sb 2.97 335-0009 o ©sF0d30L LodB3osgl 3.51-
©o6 5.13 935-009. gl 8600369 Mdgd0 (335 GBSOS S STMIOWYOIEO0S
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399536900l 393396M5GHvEsDY. ©sF0d30L LodBHoEol 60369 MdIdO 0BEOYdS
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W0HB300L gMEO s FgMHBY30000 OL3YOLOOL BHgdbogs [65-66].
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9Y6©bmds 253bLbgol smOmgargdsl blbseosb (bdgds 7). dmeodgmo x9ge
oblbgds 59MMs A5TBUBYTo, Mol JgdId3 BBMAsLEEgdO doobsfiowrgds
3mwodgemee  blbs®do.  s30L 9909y,  3me0dgHIemo  Bobm3zmadmbo@o
0o08m0g4dbgds 353blbgargdols bLMsRo smMOmJwgdom. blbstols dgMmgzol dgomeo
560 J56GH030 S 93mbM3o3MH0 Joy™ao,
6HIgeog 9O LsFomMmgdl 3md3wgdum® oBsobL 96 Jodozs@gdol o
50mEbMdsL. MMM gBoE, 9O 9MLYIMOL sTsBHYdomo  Jmmbmgzgbgdo o
3m0dgOHwo  6560m3m33MmBoGJOOl OO MHIMIbMds 0fo®dMgds Mg
@OMdo. LSOBGBHIMGLMs ol GodBo, GMI bLbseol JdgMgzol dgomeo  sb939
39900996905 Lobs8gdEOL BsbM 3MI3MbO GO B9bgdol IMsdbsYdws mobols
656mgzz9bgd0m, MMAwgdos 9639690bg6  godw0gmadmE  96EH0dsGHYMOE
5dGH03mdsL S. aureus-obs o E. coli-ols dodstron [67].
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1.4.3. @bmdoo 9gMggzols Igmmo
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Tum EHT= 100KV Signal 4 = nLens Date 19 Mar 3024 m 3pm EHT= 100KV Signal 4 = Intens Date: 19 Mar 202¢ ﬁ
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= Sample 2 G” (0.5 filer content)
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23Ms53960
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6 PDMS 1.5X10° 1.2X102 33 X107 |3.01X 108 640
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3Mo13960 12%

hn LIRMETIIINME SIS
IBAIIMLASIEN

85




09956 2580306569, HMI 3mw0E0dgm0ELowMmdlsbo MOl guslido-
@O0 3000dgmo bbGo 9945603 mMm0 ™M30L98900m, 250930Y303HJ 39S~
A900bs M@d™ 33039 3M0d M0 - 530M0WMbOEHMmOWdMEI©V096 LEGHoMMWO
(ABS).  1593m330mb9gbGH0s60 3MmEr0dgermwo Bsbm3mI3MBoEgdol ImIBsIdOL
d0Bbom 530M0MboEGHM0dFHI0YD LEGHOMMWO s 3MW0E0IJMOELOEMILsbo
3936960 JEMOMBMOTTo, 39O 29O3YM0gm Fogbod M ImIMY3Dg
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969306 39009y 35953 J  2M9RBoL LEAOWIGHMOIO0 ©s A935xMIJID
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OMOYLSE 2odbLBYO N 0565 FMIMOES F0MIdMEro Tobs 4935dMg Mbge
R0OBOGHJIS©, Moms  J9az9LHogws 99dGHOMo  ™30L90900  MmMbol
A99396GHME5bY.

d9LHo3 005 530M0EXMbOEMOWdMES©09D LEOMHME0/3MEX0OTJMO-
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3bMowo 4. 36583960/PDMS/ABS 656030330700l 9ergd@Hwo mgoligdgdo

Ne | osliosbgemgds | dmgb@ol d365Mds | 3MNMO 3993 5Mgdmds | bobdq
9oBoMm9dwqdol | M 132.Ho- | g o mdol,” 030
3Mb396@®sgos | 1.3 fobommds | T L
133 p mdo, LD
1 ABSPDMS | 3.2X 10" 4.2X10? 4.6X10° |218X107 300
30533960 5%
2 ABSPDMS | 2.6 X 105 9.07 X 10° | 2.67X10% | 3.7X 103 380
3603960 8%
3 ABS PDMS | 8.6X 10'¢ 1.06 X100 | 68X 10" | 1.4X10? 500
36ox9bo 569 1.06 56w 6.8
10%
4 ABSPDMS | 5.1 X107 455X 101 | 2.68 X 10" | 3.77 X 102 160
3M533960 5649 2.68
12%
5 ABSPDMS | 1.1 X 10 54 X 10" | 1.05X10" | 95X 10?2 900
3M533960
15%

399396 99853L90ol 99339 656Mm3MI3MB0EHJOT0 259BHMIMdS bgds
»,03609wqd0L"“ 39939M00m, HMIGE03 Ho®dmoddbgds 899531930l bafors3zgdol
90890569 by 3modgoH e 3gbgdl JmMol s bomdzsdos, GMI 50
»03609goolL*  Hoboswdgymds M0l F9dBr3gMo BodGMOO 3mE0dgH IO
3M33mD0E 900l godEBHsMmMd0LmM30L. Sbg MM, 656M3MIZMBoGHTo ©gbol Bo3osols
dologds, 89953L909bd S 3 0dgML OOl 30630M0 3MmbEHIJEO 56 SOl
boFodOm. dgs 099s53L90w0l  Boffoarszgdol  3gm3mesizos bgds s g
5d0gM9dL gegd@BHMmMYSFEBIOMBL. T9dogLYdEol 3Mmb(396GHMSE0S 39MIMEIs300L
DOMOHdol dgloddbgers 49bLb3s30gds 3m0dgM0Ib 3meE0dgMsdy.

93309350900L  doge  25dmd399b9gd o IOHMIGP0E bMdoos, HMI
396ML39JG0ME0s B93d3Mb7BEH0560 BobM3MIZMBOEJOOL 490mygbgds, HMIrg-
003 09035396 3m0dgmHgdl, 8sab0GMM omMbms BogHmgdols Bobmbsofiows3gdls
@5  65bJoMdool  b3bMAsLoggdl.  bsd3MA3MmbgbE0sbo  BsbMIMB3MBoE ool
doMH0MIO M30M53BHIMDY, 3033MbgbEHJOL JmMol LobgMaowmwo 9x39dGHo, Mob
3900939053 8500 255860500 Fgls608bs30 9GO0, M33H032IM0, LyblmOwo,
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3oabo@GmMo ®30L93900L dJmbg 99do3Lgdgo - BIOOEHO MOBI6OL LEHYd-
AMO0mb  3m3d0BsE0sT0, Moms Fga398oLgd0obs Mo gog3wgbsls dmobgbs

LodMEMM 3019 EHOoL 9GO 130L9390b).
3bM0wo 5. 3683960/89M0E0/PDMS/ABS 6560 3m33mbo@Egdol gegd@Omeo

®30Lgdgd0
dmb@ol 39365 MdS | 3OO 3993 5Mgdmds | bobdq
Ne | osliobganqgds | Bo@o®mgdemgdol | M 9w o 030
3mb39bBHMsEos | 132131 | fobswmds | mdol,”
L3 p ~Lo!
do, L
1 | ABSPDMS | 1.9X10° 246X102 | 1.3X10" | 7.6X 108 400
3M533960-
396000 5%
2 | ABSPDMS |6.8X108 85X 10 1.07X 108 | 9.31 X 10° 450
3M933960-
BIOOGO
10%
3 | ABSPDMS | 6.8X 10" 3.14X10° | 29X 10> |3.4X10°3 1000
3M553960-
3960030
15%
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A0 bsHos39d0l 99933390 3me0dgere 656m3mI3MBOGJOL sbslosmgdm
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S11 35659936 9d0, LGsbsOGHwWwo ASTM D4935 (Standard test methods for meas-
uring the electromagnetic shielding effectiveness of planar materials) dgom@om. -

BM33900 GoMqdMm©s 10 33-0sb 6 33-0g 0535BMbTo (LyEomo 49,50).
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b 6 33-009 0s35HMbJo.
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Asia Pacific Graphene Market BeveEe
Size, by Product, 2020 - 2030 (USD Million) GRAMD VIEW RESEARCH

37.1%

APAC Market CAGR,
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Global Graphene Market, By Regions,
Global Graphene Market is Expected to Accountfor USD 2023 to 2030

8,622.19 Million by 2030
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Dom0ma0960 GHm3 10 99396 30335605 M01396%g dmdsmdols
900560 gd00:

1. Haydale Graphene Industries plc

2. Versarien plc

Directa Plus S.p.A

Graphenea SA

Nanoxplore Inc

XG Sciences, Inc

Cambridge Nanosystems Ltd.

Thomas Swan&Co.Ltd

V| 2 N o VT W

Graphmatech AB

10. Grolltex Inc
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0 Wacker Chemie AG

0 Dow

0 Evonik Industries AG

0 DuPont

0 Elkem ASA
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Global Polydimethylsiloxane

Global Polydimethylsiloxane (PDMS) Market is Expected to (PDMS) Market, By Regions,
Account for USD XX Million by 2028 2021to 2028
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