Cexyus 1. Ilpoyeccel 83aumooeticmeus usydeHus u niasmol ¢ meepobim meiom

Section 1. Processes of Radiation and Plasma Interaction with Solids
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[MpoBenena nasepHas abdisuus nomsurerpadropatuinena (IITAI) ¢ pasHsiM BpemeHeM 00pabOTKH U3ITydeHUEM
HenpepbiBHOro CO»-11a3zepa ¢ UCNOJIb30BaHHEM MUKPOBECOB B BAKYYMHOH KaMepe, Ha KOTOPBIX pa3MeInancs KaKJbli
obpazen. IIpoBexaeHo 3D-ckaHnpoBaHKME TOBEPXHOCTH KaKAOTO M3 00pas3loB mocie ocThiBaHus. [lomydeHs! Takue
XapaKTEepPUCTHKN KaKk 00BeM Kparepa, CKOpPOCTh POCTa Kparepa, IMOTepsl MAaCChl, CKOPOCTh POCTa MOTEPH MAcCHl, a
TaKKe KaKyIIasicsl INIOTHOCTh YAAJIEHHOTO ¢ MOBEpXHOCTH MaTepuaia. [IpuBeneHs! rpaduk N3MEHEHHS CHIIBI aBie-
HUS Ha [IOJIJIOXKKY BECOB BO BpPEMs JIa3€PHOM aOIIsIMN, CKaH TOBEPXHOCTH OJHOTO U3 00pa31oB, a TaKkKe rpadudeckoe
n300pakeHre u3MEeHEeHNs (OpPMBI KpaTepa KaXIoro U3 00pas3IoB B CpaBHEHHH C AHAaMETPOM Jazepa. CraenaHsl BHI-
BOJIBI O MpoLIeccax, MPOTEKAIONIMX BO BpeMs o0pa3oBanust kparepa. [TokazaHo, uto naHHbli 3 D-ckaHupoBaHue mo3-
BOJISIET YTOUHUTH MEXaHU3M BO3JelcTBUs Jazepa Ha [ITDD, uyTo maeT BO3MOKHOCTH YIPABISAThH MapaMeTpaMu Bpe-
MEHHU 00JIy4YEHUS JIa3epOM C 1IeJIbI0 COBEPIICHCTBOBAHMUS TEXHOJIOTHH TIPOIECcCa TIOJIyYSHHUS BOJIOKHUCTO-TIOPUCTBIX
MaTepHaoB.

Knrouesnie cnosa: nonuterpadTopITUIICH; NasepHas abuaims; kparep; 3D-ckaHHpOBaHUE; CKOPOCTE POCTA.

THE EFFECT OF CO; LASER TREATMENT TIME ON THE SHAPE
AND SIZE OF A POLYTETRAFLUOROETHYLENE CRATER

Yaraslava Kavaliova, Petr Grakovich
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Laser ablation of 9 polytetrafluoroethylene (PTFE) samples with different treatment times by continuous CO, laser
radiation using microweights in a vacuum chamber on which each sample was placed was performed. A 3D scanner
was used to perform a 3D scan of the surface of each sample after cooling. Characteristics such as crater volume,
crater growth rate, mass loss, mass loss growth rate, and apparent density of the material removed from the surface
were obtained. A graph of changes in the pressure force on the balance substrate during laser ablation, a scan of the
surface of one of the samples, as well as a graphical representation of the change in the shape of the crater of each
sample in comparison with the diameter of the laser are presented. It was found that with an increase in the irradiation
time of more than 30 seconds, the crater grows more than twice as fast, while the rate of mass loss begins to decrease.
Also, the apparent density of the removed material up to 30 ¢ corresponds to the density of the fluoroplast, however,
when irradiated above 30 c, it decreases. All this together indirectly suggests that after 30 seconds of irradiation, the
growth of fibers from the crater decreases, another phase appears — viscous-fluid, which flows down the walls to the
bottom, as evidenced by the rate of mass loss, as well as the apparent density. It is shown that the diameter of each
crater is larger than the diameter of the laser beam. Thus, we can state that the sample expands during laser irradiation.
It is shown that this 3D scanning makes it possible to understand the mechanism of laser action on PTFE, which makes
it possible to control the parameters of laser irradiation time in order to improve the technology of the process of
obtaining fibrous-porous materials.

Keywords: polytetrafluoroethylene; laser ablation; crater; 3D scanning; growth rate.

BBenenue C 3aJJaHHBIMU CBOMCTBaMU. A 3¢ dekTsI 00pa-
Jlazepnas aOmsiumst monuteTpadTopITH- 30BaHMSI BOJIOKHUCTBIX MTPOAYKTOB CBSI3aHBI C

nena (IIT®D) — sto mporecc ynaineHus ma- MEXaHU3MOM pAa3J0KEHUs 3TOr0 IOJIMMEpa

TepHaja ¢ MOBEPXHOCTH MOJ BO3ACHCTBHEM [1-3].

Ja3€pHOTO M3JIy4yeHHUsl. DTOT METOJ| IMIUPOKO Ienbto paboThl OBUIO YCTAHOBUTH U3MEHE-

UCTIONB3YeTCs U MOAU(UKALINU TTOBEPXHO- HUe pa3mepoB U ¢popmbl kparepa [ITDI B 3a-

CTH, MUKPOOOPAOOTKHU U CO3JaHUsI CTPYKTYP BHCHMOCTH OT BpEMEHHU 00JTydeHHSI.
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Marepuagbl M1 MeTOABI HCCJIEI0BAHUS

Jlazepnast abnsiust 00pas3lOB MOJIUTET-
padTopITHIIEHA TIPOBOINIACH HA BAKyyYMHOMN
ycraHoBke BVYII-4 npu paznu4yHOM BpeMeHH
BBIICP)KKU TI0/1 HETIPEPHIBHBIM HU3ITyYCHUEM
COz-nazepa. OHOBPEMEHHO NP 00JTyUYEeHUH
MIPOBOJIMIICST MOHUTOPHHT HM3MEHEHHS CHIIBI
JlaBJieHUs 00pa3la Ha MOJUI0XKKY € ITOMOLIbIO
MHUKpPOBECOB B BaKyyMHOH KaMepe, Ha KOTO-
pBIX OH pa3memiaics. CkaHUpOBaHUE TOBEPX-
HOCTH 00pasIoB MPOBOAMIOCH C TOMOIIBIO
ontuueckoro  3D-ckanepa  RangeVision
Neopoint (Poccus, mpuHIMIT CKAHUPOBAHUS —
UK crpykTypupoBanHsiii moacser, 3D Tou-
HOCTB — 710 50 MKM), pacueT U UCCJIeI0BAHHE
MOBEPXHOCTH — B MPOrpaMMHOM obecrieye-
uu (I10) ckanepa — RV 3D Studio.

Pe3yabTaThl M NX 00Cy:KI€eHUE

Ha puc. 1 npencrasien rpaduk u3meHe-
HUS CUJIBI JABJICHUS HA MOJJIOXKKY BECOB OJI-
Horo 13 00pa3ioB — [ITDD 4 (Bpems uzinyde-
Hus 30 ¢). ['paduk nmokaspIBaeT TUIMTUYHOE TO-
BeJleHUe (ToporiacTa Ipu JlazepHOu adus-
LMY — UHKYOAIIMOHHBIN IEPHOJT OKOJIO 2,5 C ¢
MOCIEAYIOIIUM PE3KUM YBEIHUEHUEM JIaBlie-
HUS Ha TOJJIOKKY (B 3TOT MOMEHT HMHTEH-
CUBHO HaYMHAET PacTH BOJIOKHO U3 00pa3yo-
uierocs kparepa). JlanbHeiiiiee riaBHOE CHH-
YKEHHE 3TOT0 JIaBJIEHUS TOBOPUT O PaBHOMEP-
HOCTH pOCTa BOJIOKHA [2].
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Puc. 1. I'paduk u3MeHeHHsT CUIIBI ABJICHUS HA TOJ-

noxKy P Bo Bpemsi stazepHoi abisiumu: obpazen [ITDD

4 — Bpems usnmyuenus 30 ¢

Ha pucynke 2 npejicraBiieH BUI CKaHa IMo-
BepxHOCTH o0pa3na [ITDD 5 (Bpems obpa-

6otku 45 c) B I[10O 3D-ckanepa. C kaxaoro
NIOJTy9E€HHOTO CKaHa OBbUIN MOJy4YESHBI TEOMET-
pUYecKre pa3MmMephl KpaTrepa, a TakXKe ero
o0BeMm.

Puc. 2. Bun ckana moBepxHocTH obpasma [IT®D 5
(Bpems 00paboTKu 45 ¢) mocie Ta3epHOH abISIIH

B Tabmuie 1 u 2 npeacTaBieHbl MOTyYeH-
HbIC 00bEMHBIC 1 MACCOBBIC XapPaKTEPUCTUKH
kparepa [ITD®D npu pasHOM BpeMeHH 00Jy-
YeHUsl. Y CTAHOBJIECHO, YTO NPHU YBEIMYCHUU
BpeMeHu oOirydeHus: 6osee 30 ¢ o6beM Kkpa-
Tepa pacTeT Oojee 4eM B JBa pas3a ObIcTpee,
IIPH 3TOM CKOPOCTh IMOTEPU MACCHl HAUNHAET
CHIXKAThCA. TakkKe KaxXyllasics TJIOTHOCTh
yaaieHHoro marepuana a0 30 ¢ cooTBeT-
CTBYET IJIOTHOCTH (pTOporiacTa, OAHaKO MPH
00myuenuu cabitie 30 ¢ OHa CHUKAETCH.
Ta6n. 1. O0beMHBIE XapaKTEPUCTHKU Kparepa IOJIH-

TeTpadTOPITUIECHA TIPU Pa3IMYHOM BPEMEHH 00Iyde-
HUS

t,c V, MM V., MM/c
5 9.6 1.92
10 27.7 2.77
15 40.7 2.71
30 84.9 2.83
45 212.2 4.72
75 363.4 4.85
90 418.9 4.65

105 514.7 4.90

120 545.7 4.55

[Ipumeuanne. t - Bpems oOmyuenusi, V — o0beM Kpa-
Tepa, Vy - CKOPOCTh pocTa 00beMa Kparepa

Bce 3T0 BMecTe KOCBEHHO TOBOPHT O TOM,
gT0 1ocie 30 ¢ 00mydeHuss pocT BOJIOKOH U3
Kparepa yMEHBIIIASTCsI, TIOSBIISICTCS CIIe OTHA
¢daza — BsA3KO-TEKydYas, KOTOpas CTEKAaeT IO
CTCHKaM Ha JIHO, O YeM CBHUJICTEIICTBYET CKO-
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POCThL MOTECPU MACCBhI, a4 TAKKC KaXyllascsa
IIIIOTHOCTB.

Tabn. 2. U3menenuit maccel IIT®D npu pazmuuHoM
BpPEMEHHU 00JTy4YeHHs

t,C Am, mr Vi, Mr/c Py, MI/MIT
5 24 4.80 2.5

10 65 6.50 2.35

15 107 7.13 2.63

30 235 7.83 2.77

45 383 8.51 1,80

75 700 9.33 1,93

90 720 8.00 1,72

105 803 7.65 1,56

120 875 7.29 1,60

[Mpumeuanue. t - Bpemst oOiyuyeHusi, Am — moreps
Macchl, Vi, - CKOPOCTh pocTa 00beMa Kparepa, Py, - Ka-
JKyIIasiCsl INIOTHOCTD yJaJIeHHOT'O MaTepHaia

Ha pucynke 3 npeacraBineHo rpaduieckoe
U300pakeHHe W3MEHEHUs (OPMBI Kparepa
nonuTeTpadTOPITUIICHA BO BPEMS JIa3epHOM
abisiimu. CkaHUPOBAaHKUE TPOU3BOAMIOCH HA
OCTBHIBIIMX 00pa3nax. J[uameTp kaxmaoro kpa-
Tepa OoJIbIIe, YeM TUaMeTp Jyda Jiazepa.
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Puc. 3. I'paduyeckme wm300pakeHne W3MEHEHHS
(bopMBI KpaTepa B CpaBHEHHH C JHaMETPOM JIyda Jia-
3epa

Takum 00pa3oM, Mbl MOXKEM YTBEPKAATb,
YTO BO BpeMsi OOJIydeHHs Jla3epoM obOpaser]
paciupsieTcs. A TakKe MOXHO Ipearnoso-
’KHTb, 4TO B 00paslie Ha r1yOuHe, paBHOM pa3-
HUILE MEXIY IMaMeTpaMu KpaTepa U jIyda ja-
3epa, IPOUCXOAUT AECTPYKIMS, KOTOpast JaeT
JabHENIINE IPOAYKTHI - BOJIOKHA M COIOJIH-
MEDpBI.

3akiarouenne

[Ipumenenne HoBoro 3D-MeToza uccneno-
BaHHS 00beMa KpaTepa U ero (hopmbl MO3BO-
JUJIO paccYUTaTh CKOPOCTb POCTa KpaTepa u
MOTEpH Macchl 00pasma, 4To J1aeT BO3MOXK-
HOCTb YIIPaBJISITh IapaMeTpaMy BPEMEHU 00-
JyYeHHsI JIa3epoOM TOJUTETpadTOPITUIICHA C
L CJIBIO COBepH_IeHCTBOBaHI/ISI TCXHOJIOI'AU
rporiecca MoJIydeHUs] BOJIOKHUCTO-TIOPUCTHIX
MaTepHuaoB.

bubaunorpaguyeckne cCbUIKN

1. I'pakoBuu II.H., UBanoB JI.®., Kanunun JL.A.,
Ps6uyenko W.JI, ToncronstoB E.M, Kpacosckuii
A.M. JlazepHas abnsanus mouteTpad TOPITUIICHA.
Poccusickuit xumuueckuit acypran 2008; 52(3): 97-
105.

2. I'pakosuu II.H. u np. ®opMupoBaHue MOPHUCTBIX
cI0EB TONUTETPadTOPITUICHA MYyTEM Ja3epHOM
abmsmmn. B xu. B.B. Yrnos (ri. pen.) [u op.]. B3a-
UMOJIEUCTBUE U3NYyYEHUH C TBEPABIM TEJIOM: Ma-
Tep. 14-it MexnayHnap. koH(]., mocssm. 100-neTuto
benopyc. roc. yH-ta, Munck, bemapycs, 21-24
cent. 2021 r. Munck: BI'Y, 2021; C. 47-51.

3. Cozzens R.F., Fox R.B. Infrared laser ablation of
polymers. Polymer Engineering & Science 1978;
18(11): 900-904.

16-a Meowcoynapoonas kongepenyus «Bzaumoodeticmsue uznyuenuii ¢ meepovim menomy, 22-25 cenmaops 2025 2., Munck, berapyco
16th International Conference “Interaction of Radiation with Solids”, September 22-25, 2025, Minsk, Belarus



