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Abstract

Peculiarities of nanostructural organization, themmechanical and permance characteristics of the welded joint
hard-to-weld polymers (like polypropylemalyethylene) formed under the effect of strongstant magnetic field (B ~T), as
well as without such effect, were investigated bgX$, SAXS, thermomechanical dgsis and mechanical testing method
was determined that strong constant magnetic éaides formation of the oriented structure of te&led joint, where the a»
of structurization coincides with the field axlehi¥ effect reveals in improvemeot the thermomechanical and the performi
characteristics of the welded joints. Basing onrttezhanical tests results it was founded that ters¢iength of PE-80/P&3
joint welded under the effect of constant magnéétd (acting transversally tche welding axle) is 12 MPa, and of wel
without magnetic field effect is 6 MPa.

Keywords:hard-to-weld joints, polyethylene, polypropyleneygarties, PE-80, PP-80, structure.

Progress in the modern material science has caus®dhilarly to the crystals such areas have anisatrop
wide expansion of thermoplastics application iniMas magnetic sensibility, and they are oriented in nedign
industries: chemical, construction, medical, radiofield in such way that carbon chains are oriented
technical, electronic, foodstuff etc. [1-6]. normally to the magnetic field vector.

Welding process for thermoplastic polymer: Today there is a problem of welding of hard-to-
happens with activation of the welded surfaceseeithweld thermoplastic polymers. Using the effect of
before bringing these surfaces in contact (hot,tbot constant magnetic field on the process of thermal
gas or IR-radiation welding) or with activation ofwelding of thermoplastic materials gives possipilio
surfaces simultaneous with bringing surfaces inaxn receive the welded joint with improved structuredan
(friction or ultrasonic welding) [7]. better physical and mechanical properties — thaoks

A  number of physical and chemical orientation and more tight packing of the weldebhtjo
transformations of polymers are occurring during thelements. In this regard a new effective approach i
welded joint formation: melt fluidity is changing, proposed for the formation of the welded jointhafd-
oriented crystallization, re-crystallization, destion, to-weld materials with ordered structure, and,
etc., takes place, and as a result non-homogenerespectively, for the achieving of better physieald
structure of welded joint is formed [8, 9]. Magmefield mechanical properties under the effect of the @orst
effect is a prospective method for the improvermaint magnetic field.

the structure, as well as of physical and mechénic Thereby, the goal of this work was to investigate
characteristics of joints of thermoplastics weldgtthe the structural organization, thermomechanical and
heated tool, ultrasonic and by other methods [1(, 11  operation properties of polypropylene

is known [12, 13] that local areas, where segmefits (PP-80)/polyethylene (PE-80) welded joints received
macromolecules are parallel to each other are pré@se under constant magnetic fieldB ¢ 1 T) effect, and
the melts of semi-crystalline polymers with flexabl without such effect.
chains under temperatures higher than the melti
temperature. Such areas have structure similahdo t Methods. Materials and processing
structure of crystalline polymers; the differenserni the Heated tool butt welding experiments have been
lack of order in transversal and longitudinal difee. carried out on model hard-to-weld couples of polsgne
(like polypropylene (PP-80) — polyethylene (PE-80))
with the following welding parameters: heated tool
* Corresponding author: temperature 200 °C, upsetting pressure 0.2 MParwith
4dewip@ukr.net 60 s, with dwell time 3 s and cooling time 6 mirheT
model objects were welded and cooled down to the
ambient temperature directly under the action of
magnetic field and in the absence of the field. The
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constant magnetic field was created by two neodgmiuamorphous-crystalline structure confirmed by respec
magnets. The distance between them was regulateddiffraction maximums on the background of imaginary
guarantee the equality of the magnetic-field insucto  amorphous halo (Fig. 2).
1T.
. 1, rel. units
Equipment and measurements

The amorphous and amorphous-crystalline
structure peculiarities of PP-80 and PE-80 specjrasn
well as PP-80/PE-80 welds have been investigated bj160
wide-angle X-ray scattering (WAXS) method using
DRON-4-07 diffractometer  (Burevestnik, Saint
Petersburg, Russia), whose X-ray optical scheme wa 120 |

T
P
N———

used to “pass” primary-beam radiation through saspl Ai

The heterogeneous structuring of these polymeric B4 2
systems (at the nanometer level) was studied vilsm 80 | %j}
angle X-ray scattering (SAXS) with a CRM-1 camera : 5 )

(Orel scientific equipment factory, Russia), havanglit
collimator of the primary irradiation beam made tha 40 -
Kratky method. The geometric parameters of the came
satisfied the condition of infinite height of theimary

beam [14]. 0F

All X-ray structural investigations have been L L L |
carried out using CKj,-emission monochromated by 0 10 20 30 40
using Ni-filter, at temperaturg = 20+2 T. 26, deg

Thermomechanical studies of polymer systemsFigure 2 — WAXS diffraction patterns of polypropylene
were conducted using the penetration method in tHeP-80 (1), polyethylene PE-80 (2) and PP-80/PE-8@lded
mode of a uniaxial constant load € 0.5 MPa) with joint (3)

UIP-70M device (central design engineering burefu o . o

the special instrument making of the Russian Academ  Comparing the individual PP-80 and PE-80
of Sciences). Linear heating of samples was peddrmdiffraction patterns with the pattern of PP-80/RE-8
at a rate of 2.5C/min in the temperature range O tol0int one can see that during the welding of digisim
+150 T. Relative penetration (%) was calculated as: Polymers we receive the structure different to the

e = (Al/lg) -100, structure of individual polymers. Diffraction maximms
whereAl is penetrationy(m) at certain temperaturk,js 0N the plates (040) and (130), typical to polypiepg,
initial thickness of the samplerf). are absent on the diffraction pattern of the weljbéat.

Mechanical properties (strength and elongation a¥e suppose that the crystalline phase is meltethglur
break) of initial and welded specimens have beeRe Wwelding, with further re-crystallizing and
evaluated by means of tensile axial test (according Simultaneous orientation of crystallites under the
DBN B.2.5-41 standard) with a 50 mm/min tensiore ratinfluence of magnetic field applied during the wel
at room temperature with FP-10 tension machine WAXS diffraction patterns analysis of PP-80/PE-80
(Germany). Welding quality was also estimated tpsinvelded joints received without and with magnet&ldi
on visual geometrical parameters. All investigasioneffect (Fig. 3) has shown that effect of transversa
were repeated three times with different specinfoens constant magnetic field on the melt of dissimilar
each time to enhance accuracy of the measurements. Polymers causes formation of oriented structure of

Specimens for structure and propertieyvelded jOint, where the axle of the texture coiesid
investigations with 1 mm thickness were cut outrfro With the direction of magnetic field action. This i
the welded joints as it is shown on Fig. 1. indicated with decreasing of maximums intensity at
20max= 21.2 and 239 that are featuring the structure of
polyethylene component, and with increasing of
diffraction maximums at &,.x= 14.0, 16.8 and 185
featuring the polypropylene component of the welded
joint (curves 1, 2).

Formation of the welded joint under the effect of
longitudinal magnetic field leads to the letdown itsf
physical and mechanical properties; that could be

Figure 1 — Scheme of the welded joint of PP-80/PE8 explained with counteraction of the forces applied

X-ray

pipe types with position of a sample for X-ray stug during the welding to the magnetic field effect.iSTis
indicated with the increase of the maximum intgneit
Results and discussion the polypropylene component at,2x =21.2 and

Polypropylene PP-80, polyethylene PE-80, andecreasing of maximum intensity ap,2« = 14.0,
their welded joint's PP-80/PE-80 WAXS diffraction featuring the structure of polypropylene componeit
patterns analysis has shown that they all hawde welded joint (curves 1, 3).
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Figure 3 — WAXS diffraction patterns of the PP-80/fE-80 Figure 4 — Profiles of SAXS intensity of the PP-86E-80

welded joints received without magnetic field effetg(1), welded specimens received without (1) and with (2ffect
and under the effect of transversal (2) and longitdinal (3) of magnetic field

magnetic field
SAXS diffraction patterns analysis of PP-80/PE-80 & %

welded joints has shown increase of intensity @ th
diffraction maximum for the welded joint formed werd 75 |
the effect of magnetic field, and this is in fullrcelation
with WAXS data, and confirms its oriented structure
(Fig. 4). The average valuB of the similar on the
density areas of heterogeneity (distance between th |
nearest centers of same-type areas of heteroggneity

according to the Bragg's equation, concerning the .,'
“sinus law” for the small angles (2#¢msin20=26): J
D=A/26,, o5 | ./°
For the welded joint formed under the effect of 1 /,’
magnetic field and without such effect is ~27 nm. __._.—-"" !

Estimation of the effective size of the existing
areas of heterogeneity in the volume of PP-80/PE-80 (| e-s-s:8-03-0 0 e-0-6-0-0-0-0-0-0-0-0-0-0-0-®
welded joints received with and without effect bkt ' ' ' ' : : .
constant magnetic field has shown that under tfecef 0 20 40 60_ 80 100 120 140
of constant magnetic field much larger areas of o C
heterogeneity are formed}, € 39 nm), comparing with Figure 5—'I.'h.ermome5:han|cgl curves of the.PP-80/PE{98
welded joints received without (1) and with effect

the initial statelf= 31 nm). of the transversal magnetic field (2)
Thermomechanical analysis of the welded joints 9

formed with and without the effect of constant matim
field (Fig. 5) has shown that the specimen formeden Conclusions
the constant magnetic field effect has not gnd&sgmy Structure, thermomechanical and performance
dgformatlon,_ on contrary to the specimen formegharacteristics of hard-to-weld pairs of polymelike(
without the_ f|’e ld (curves 1, 2). _Peak Is detectedtioe PP-80/PE-80) welded with and without effect of sgyo
welded joint's thermomechanical curve at 126  qngtant magnetic field were investigated. It wasven
temperature; we guess, this can be explained be MQp . sirong constant magnetic field effect on thetsrin
ordered structure of the welded joint (i. . by &@W 0 \ye|ded area causes formation of the orientddede
ability to be pressed through) comparing to oneiret gy ctyre, where the structure axle coincides it
without magnetic field effect. . . . magnetic field axle. This effect reveals in the
According to the results of uniaxial tensile tets .00 ement of thermomechanical and performance
was detgrr_nlned th_at tensile strength of a PP-8BPE- 5 acteristics of the welded joints; this can be
Welded_10|_nt received under the effect _Of (:_O”Stargxplained by magnetically-anisotropic orientatiof o
magnetic field transver_sal to the_ upset directioas w macromolecules and aggregates (present in the melt)
12 MPa, and of a specimen received without magnetig, magnetic field.
field effect was 6 MPa.
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BnnuvB cunbHOro NoCTinHOro MarHiTHOro nons
Ha HAHOCTPYKTYPHY opraHisauito i BNacTMBOCTI
BaXXKO3BaplOBaHUX nonimepisB (nonieTuneH — nosninponinex)

M.B. IOpscenko

Biooin 3eaprosanns niacmmac, Incmumym enexmpossapiosanns im. €. O. [lamona,
Hayionanvua akademis nayx Yrpainu;
eyn. Kasumupa Manesuua, 11,m. Kuis-150, 03680 Vkpaina

MertonamMy MIMPOKO- T2 MaJIOKYTOBOT'O PO3CIIOBaHHSI PEHTIEHIBCHKUX MPOMEHIB, TEPMOMEXaHIYHOTO aHAJI3y
Ta MEXaHIYHUX BHUIPOOYBAaHb JOCIIIDKEHO OCOOJIMBOCTI HAHOCTPYKTYPHOI oOpraHisamii, TepMOMexaHiuHi Ta
eKCILTyaTalliiHi XapaKTepUCTUKXA 3BapHUX 3 €IHAHb 13 BAXKKO3BAPIOBAHWX IIOJIMEPIB THIY TOJIMPOMiIeH—
MOJIiEeTHIIEH, CPOPMOBAHKX i Hi€t0 cuibHOro MartirHoro nosst (B ~ 1T) Ta 3a #oro BiacyrHocTi. BcraHoBieHo,
10 Jisi TOCTIHHOTO MAarHiTHOTO TOJIS Ha (OPMYBaHHS 3BApHOTO 3 €THAHHS y TPOIECI TEMIOBOTO 3BapIOBAHHS
TIPUBOJIUTH 10 BUHUKHEHHS OPIEHTOBAHOI CTPYKTYPH 3BapHOTO 3'€IHAHHSA, BiChb TEKCTYpH SKOTO 30iracThbcst 3
HampsIMKOM Jii MarHiTHOTO Tojs. lle TposSBISETHCS B MOJIMIICHHI TEPMOMEXaHIYHHUX Ta EKCIUTyaTalliiHAX
XapaKTePUCTUK OTPHMaHUX 3BapHUX 3’ €qHaHb. Ha mijcTaBi pe3ynbTaTiB MeXaHIYHHUX BUIPOOYBaHb BCTAHOBJICHO,
0 po3pHBHA MilHICTh 3BapHuX 3'eqHanp [1E-80MIII-80, chopmoBaHUX Min [i€r0 MOMEPEYHOro MOCTIHHOTO
MarHitHoro noJisi, cranoButh 12 MIla, a copmoBanux 6e3 BIIMBY MarHiTHoro moiist — 6 MI1a.

KirouoBi cnoBa: easwckossaprogane 3'€onanns, enacmueocmi, noaiemuner, norinponinen, I1E-80, [111-80,
cmpykmypa.
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