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C/Z1IOBO PEOAKTOPA

Hoporue yutarenu!

Hcropuuecku caokuIOCh, YTO TEXHUYECKHE HAYKU Pa3BUBAIOTCS B TECHOM B3a-
MMOCBSI3U C €CTECTBEHHbIMU HaykKaMmu. [lepBble TeXHHMUECKHE OTKPBITUSA, TaK WIN
vHaue, ObLTU CBS3aHbI C JOCTHKEHUSIMH B c(epe €CTECTBEHHBIX HayK U OCHOBaHbI
Ha HUX. PaHHSS TeXHUYECKask MbICIIb CTUMYJIMPOBajia Pa3BUTUE €CTECTBEHHBIX HayK.
TepmoauHaMuka, BOZHUKIIIAS B IEpBOM nosioBuHE XIX Beka, sIBISETCS TUIMUYHBIM
MPUMEPOM CKazaHHOTo. Takke HeOOXOAMMO YUUTHIBATH TOT (PaKT, UYTO €CTECTBEH-
Hble HAyKW HE MOIVIM U HE MOTYT OOOHTHUCH 0€3 MOCTOSHHO PacIIUPsieMOro TEXHH-
YeCKHMHU HayKaMU apceHaja TEXHUUYECKUX U SKCIIEPUMEHTAIbHBIX CPE/ICTB.

B ycnoBusix npoueccoB mo0aan3anuy, HAYHIUX pyKa 00 pyKy ¢ Hay4YHO-TEXHH-
YECKOW PEBOJIIOIUEN, a TAKKE C U3MEHEHUSIMH TPAJAUIIMOHHBIX CBA3EH MEXIY €cC-
TE€CTBEHHBIMH U TEXHUYECKUMHU HayKaMH, BOIIPOCHI MPOOIeM MO3HAHUS HOBBIX CBSI-
3 M OTKPBITHI MPUOOPETAIOT 0CO00E 3HAYCHHE.

Panpire mpobieMa mo3HaHUS 3aKOHOB ObliIa MPEpOraTuBO (yHIaMEHTATBHBIX
HayK, a BBISBICHHE BO3MOXXHOCTEW KOHCTPYHpPOBaHHUS apTe(]akToB - MpeIMeToM
TEXHUYECKUX HayK. A MOTOMY, Ha CTPaHMIIAX HAILETO KypHaia, Bbl IPOCIEAUTE 3TU
JIBa psAJia UCCIIEOBAaHUI B HOBBIX HAayYHBIX HAIMIPABIICHUSAX B TECHOM CBSI3U.

I nasmwiii pedaxmop,
KaHOUuOam opuoudeckux Hayk, 0oyeHm
I'ynbnapa Aiinaposna HaguxoBa
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WCCNEAOBAHME BO3LENCTBUA HENPEPbLIBHOIO
NTA3EPHOI0 U3NTYYEHUA HA KPACHbIW LUJTAM

RESEARCH OF THE INFLUENCE OF CONTINUOUS LASER RADIATION

ON RED SLUDGE

Annomayusn (na pyc). B cmamve noxkazano, 4mo npu 63aumooeiicmsuu 1a3epHo2o unyueHus Ha KPAcHvlil waam, Ovliu
0OHapydHceHbl 00PA306aHUA ATIOMEPUPOSAHHBIX KPUCTHATIUYECKUX CIPYKINYD MEMALios.
Abstract (in Eng). The article shows that during the interaction of laser radiation on red sludge, the formation of ag-

glomerated crystalline structures of metals was detected.

Knrouesvie cnosa: Kpacuwiii winam, nazeproe usiyyenue, a2iomepuposantvle KPUCIAIIudecKue ChpyKnypbl.
Keywords: Red sludge, laser radiation, agglomerated crystalline structures.

[TocpenctBom menounoro metoj1a baiiepa rpu
MOJIyYEHUM TEXHUYECKOTrO0 OKCHAA aJTIOMHHMS
(rmuHO3eMa) U3 OOKCUTOB MONMYYAIOTCS OTXOIBI
IJIMHO3EMHOT'O TTPOU3BOJICTBA — KPACHBIN ILIaM.
OH cknaaupyeTrcsi Ha OTPOMHBIX MPOMBILUICH-
HBIX OTCTOWHHKAX (B JAHHOM CJTydae IIIaMOBBIX
MOJISIX) B OKPECTHOCTSAX TIMHO3EMHBIX 3aBOJIOB.
ConepkaHue KpacHOTo IIjlaMa MOXET BapbUPO-
BaTbCsd B 3aBHCHMOCTHM OT KayecTBa M OCOOEH-
HOCTEH TeXHHUYECKOH nepepadoTku Ookcura: 40-
55% Fe 0,, 14-18% Al,O,, 5-10% CaO, 5-10%
Si0,, 4-6% TiO,, 2-4% Na,O. Okcun xenesa
MpUAACT €My KpacHbIil OTTeHOK. OHnacHOCTb,
KOTOPYIO HECYT B ce0e OTXOAbl aJIIOMHHHUEBO-
ro IPOMU3BOJICTBA, 3aKJIIOYAETCSI KaK B BBICOKOM
JIUCTIEPCHOCTH, TaK U B OCTATOYHOH IIEIOYHOC-
1. Kak criencreue, UX XpaHeHUE MPOU3BOIUTCS

B IIJTAMOXPAaHUJIHIIAX, 3aHUMAIOLTUX OOIIHPHBIE
wiomaau. [llnamy cBOWCTBEHHA JIOCTAaTOYHO
CUJIbHAS IIEJO0YHas peakuusa. VIMeHHO mosToMy
B HACTOSIIIEe BPEMsI PEIIAIOTCS BOMPOCHI O TOM,
KaK ero MO>KHO MCIOJIb30BaTh B KAU€CTBE ChIPbHS
U TUTAHUPYETCS C €r0 MOMOUIBI0 MOJIEPHHU3UPO-
BaTh MPOIIECC U TEXHOJIOTUN YTUITU3AIUH.
DKCIEePUMEHTHI OBbUTH MPOBEACHBI C UCTHONb-
30BaHUEM HUTTEPOMEBOTO ONMTOBOJIOKOHHOTO HC-
TOYHHKA HEMPEPHIBHOTO JIa3epHOTO HM3ITY4YEHUS
(A=1070 [aMm]) JIC-06 mourHOCTBIO 600 [BT].
HccnenyembiM 00pasnoM ObLT BEIOpAaH Kpac-
HBI [UIAM C YpPalbCKUX MECTOPOXKACHUMA. 2
rpynmbl 00pasia ObUIM PaBHOMEPHO pacrpene-
JICHBI 110 TIOBEPXHOCTH 3aKPEIJICHHON rpaduTo-
BOU 1uiacTuHbl. [locie 3Toro ¢ ycTraHoBIEHHOMU
COOTBETCTBYIOIIEH MOIIHOCTHIO M3Ty4YeHUs Jia-
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3epa obmyumnu oOpasen. Bo BpeMs o0paboTku
oOpa3ua rpaduToBas IUIACTHHA INE€peMellanach
CO CKOPOCThIO 1MM/C.

C momHocTthio n3nyuyenus B 60-150 [Bt] cmor-
T TIOJYYUTh CPepHUECKUE CHEKH, PasMepbl KO-
TOpbIX cocTaBsun 1-2 [MMm]. C MOLIHOCTH U3y~
yenus 200-300 [Br] HaOmonanu spkoe ropeHue,
U 1uameTp crekoB yBemuuuics (3 - 3,5 [mm]).

CrpykTypa 00pa3loB 10 U MOCHE JIa3epHO
00paboTKK ObLIA UCCIIE0BaHA C UCIIOIb30BAHU-
€M pacTpOBOIo 3IEKTPOHHOro Mukpockona LEO
EVO 40HV npoussonutens Carl Zeiss (I'epma-
Hus). JIokanbHBIN XUMHYECKHUI aHaINU3 ObLT TIPO-
BeneH Ha DJ[C INCA ENERGY X-MAX npowus-

)

Puc. 1. Ucxonnpiit 0O6paser KpacHOTO muiama

Bonutenst Oxford (Aurms).
HanomacmtaOHOCTb JaHHBIX O KOJTMYECTBEH-
HOM pacIipeJesIieHU XUMHUECKUX 3JIEMEHTOB B
uccienyeMbIx oOpasiax Oblia moxydeHa Omaro-
Japsi TOKaIU3aliy 30HIUPYIOILETo AEeKTPOHHO-
ro myuka ¢ quamerpom 20-30 [HM] U ¢ TiTyOuHOM
NpOHUKHOBeHUs 1 [Mkm]. YUyBCTBUTEIBHOCTH
obuta paBHa 0,1%. Hcxoms u3 mzoOpaskeHHs
ANIEKTPOHHOT'O MUKPOCKOIIA MOXHO CZeNaTh BbI-
BO/I, 3aKJIFOYAIOIIMICS B TOM, YTO M€PBOHAYAIIb-
HbI 1 M300pakeHus 2JIEKTPOHHOTO MHKPOCKO-
11a TO3BOJIAIOT CAEJATh BBIBO, YTO Y UCXOIHOTO
1 00y4eHHOro 00pa3LoB pa3Has (a3oBas MHK-
POHEOIHOPOIHOCTH (puC. 1).

B xonme uccnenoBanuii (ha30BOH MUKPOHEOTHOPOJHOCTH TIOCPEICTBOM METOJa PACTPOBOM DIICKT-
POHHOW MHUKPOCKOTIHHU OBIJIO YCTAHOBIIEHO, YTO B COCTAB MCXOIHOTO 00pa3iia BXOIST JKelle30, KUCIIO-
poJ, aTFOMMHHM, KPEMHUK M IPYTHE SIEMEHTHI (Tabm.1).

Tab6n. 1. XUMUYECKHI COCTAB UCXOHOTO 00Opa3iia

DIeMeHT Fe O Al

Si S Ca Ti

Bec.% 57.02 31.10 4.41

243 1.89 1.84 1.31

OOpasubel  BeneacTBre 00pabOTKH  JlazepoM
MPEACTAaBISUI  COOOM HEOIHOPOAHBIE CIIEKH.
@a3pl ¢ Ooiee BHICOKUM CpPEIHUM aTOMHBIM
YHCIIOM BBIPAQXKEHBI B OOJiee SAPKOM KOHTpACTe
10 CpaBHEHUIO ¢ (ha3aMu ¢ MEHBIIUM aTOMHBIM
YUCJIOM, pUC. 2.

[Monmyuunu pactpoBble M300paXkeHUsT 0OBEK-
TOB HMICCJICIOBAHUSI U OMPEICITWIN SJIEMEHTHBIH
COCTaB CIIEKOB, KOTOPBIE OBLIH MOTYYEeHBI B MTPO-
recce azepHoit oopadorku 100 — 300 [Br].

BrisiBiiin  00pa3oBaHue ariiOMEPHPOBAHHBIX
KPUCTAJNIMYECKUX CTPYKTYp 3070Ta (1,2 Mukpo-

Ha), rapaus (5-6 MUKpPOH) U JPYTUX METAJJIOB
(puc.3, 4) Ix nanuuue He ObUIO 3aMEYEHO B UC-
XOJIHBIX 00Opas3Iax.

PesynpraTom Js1azepHOro BO3ACHCTBUS Ha
KpacHBIM IIJIaM cTaja perucrpauus obdpaso-
BAaHUS arJlOMEPUPOBAHHBIX KPHUCTAJUIMYECKUX
CTPYKTYp METaJuIOB (30J710Ta, IHUPKOHA, Tad-
HUS U Apyrux metauioB). [lomoOHbIE BEIBOJIBI
OBLTM cIeNaHbl B MPOIECCe B3aMMOJCHCTBHUS
JIA3€pHOTO U3JIYYEHHUsI C MAarHETUTaMU U BBICO-
KOTJIMHUCTBIMM aJIFOMOCHUIIMKAaTHBIMU 00pa3ia-

mu [1-3].
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Puc. 4. Cniex kpacHoro 1uiaMa rnpu MomHoct uanydenus 200 Bt
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BJIMAHUE PA3JIMYHbIX MPOLECCOB CMELLNBAHUA
HA AIUCNEPCUMOHHbIE U AUHAMWUYECKWUE CBOMCTBA
HAMOJIHWUTENEW B SBR/ BR

EFFECTS OF DIFFERENT MIXING PROCESSES ON THE DISPERSION
AND DYNAMIC PROPERTIES OF FILLERS IN SBR / BR

Annomauus (na pyc). B oannou cmamve u3yyaemcs enusHue Hanoanumenell Ha Mexanuyeckue u OuHamuyecKue ceolic-
mea kayuyka SBR / BR npu mpex paznuunvix nociedosamenvhocmsx nooayu. Ilocie unguivmpayuu npedsapumensHo
00pabomannoll 6enoll cax)cu u Kayyyka u 000as1eHUs Canrcu aziomepayus HanoaHumens yMeHbulaemces, oucnepcus 6enot
casicu 8 Kayuyke Vayuuaemcs, U NOAY4eHHAsi CMeCh Kay4yKa UMEem CamMoe 8biCOKOE COOEPICAHUE CEA3AHHOU PE3UHbL U VY-
wie MexanuyecKkue cOUCMea U U3HOCOCMOUKOCHb M3Mensisi napamempul npoyeccd, maxKue Kak memMnepamypad u cCKopocnisb
nepemewusanis, OOHAPYICUBAEMCS, YO MeXaHUYeCKue CGOUCMEA, MaKue KaKk NPOYHOCMb HA PA3Pble, YEEeIUdUSAIOMCsl ¢
VeenuueHuem memMnepamypul ¢ moil JHce CKOpoCmvlo; NPU Mot dice memMnepamype, ¢ Y8eiudeHuem CKopocmu, Usmepumens
oucnepaupyemocmu u CKaHupyroujee d1eKmpoHHAsL MUKPOCKONUSI ROKA3bIBAION, YO OUCHEPCUOHHbBLE CEOICTNEA MEXHUYEeC-
K020 yenepooa nyyuie, MeXaHudecKue ceolucmaa KayyyKka noGblulaiomcsl, MeMnepamypad Coucamus NOSbIUAemcs U nomepu
Ha ucmupanue AKpoHa YMEeHbUAIOMCsl, U COOEPIHCAHUe CEA3AHHOL Pe3Unbl U MOOYIb XPAHEHUSl YEEAUNUBAIOMCSL C VEElu-
yenuem ckopocmu oopabomru. Koeoa ckopocmo cocmasisem 90 06 / mun, ckopocms 06pazsosanusi C63aHHOU Pe3utvl U
MOOYIb HAKONTIEHUSL YMEHbULATOMCSL.

Abstract (in Eng). In this paper, the effects of fillers on the mechanical and dynamic properties of SBR / BR rubber under
three different feeding sequences are studied. After infiltrating the pretreated white carbon black and rubber and adding
carbon black, the agglomeration of filler is reduced, the dispersion of white carbon black in rubber is improved, and the
blended rubber obtained has the highest content of bound rubber, and better mechanical properties and wear properties.
By changing the process parameters, such as mixing temperature and mixing speed, it is found that the mechanical prop-
erties such as tensile strength and tear strength increase with the increase of temperature at the same speed, at the same
temperature, with the increase of the speed, the dispersibility meter and SEM scanning show that the dispersion properties
of carbon black are better, the mechanical properties of the rubber are increased, the compression temperature rise and the
Akron abrasion loss are reduced, and the content of bound rubber and the storage modulus are increased with the increase
of processing speed. When the speed is 90r / min, the formation rate of bound rubber and the storage modulus are reduced.

Knroueswvie cnosa: Yepnolii yenepod, Moouguxayus mexnuueckozo yenepooa; I paghen; Yenepoousie nanompyoku.
Keywords: Carbon black; Carbon black modification, Graphene; Carbon nano tubes.

Carbon black is the most widely used filler at
present, and its reinforcing effect on the mechan-
ical properties of rubber is very significant. With
the increasing popularity of “green tires”, white
carbon black has shown good mechanical prop-
erties in modified rubber, and its high elasticity
and low heat generation make it the second-most
suitable application after carbon black. Although
the research on the mechanism of rubber rein-
forcement has been for a long time, the mecha-
nism is still not clear!”. For the same preparation

method, the morphology and structure will also
be different due to different specific process con-
ditions, where the feeding sequence, process pa-
rameters, and solution mixing will have a greater
impact. Different mixing processes have a great
impact on the dispersion of the filler and the com-
bination of filler and rubber, that is, the formation
of bound rubber has a greater impact. The bound
rubber is considered to be an important index af-
fecting the mechanical strength of rubber.

In this paper, the effects of mixing process,
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including feeding sequence, mixing temperature
and mixing speed, on the content of bound rub-
ber, the dispersibility of rubber filler and the dy-
namic properties of rubber are studied.

1 Experimental part

1.1 Main raw materials

Styrene  butadiene rubber (SBR-1712),
China Petrochemical, BR9000, Beijing Yanshan
Petrochemical, carbon black N234 and white
carbon black from Jiangxi Blackcat Carbon
Black Inc., Ltd., sulfur, accelerator NS, zinc
oxide (Zn0), stearic acid (SA), anti-aging agent
4020, anti-RD and other ingredients commonly
used in the rubber industry;

1.2 Rubber formula

Basic formula: SBR 103, BR 25, N234 45,
white carbon black 25, Si69 2.5, ZnO 2.6, SA 1,
4020 1.5,RD 1,NS 2.3 and S 1.8.

1.3 Experimental equipment and perfor-
mance test

(1) Mooney viscometer, MV2000, ALPHA;
tensionen tester, 2020-DC, ALPHA; rubber pro-
cessibility analyzer, RPA2000, ALPHA, DGAV
carbon black dispersion meter, ALPHA, com-
pression heat generator GT-RH -2000N; SEM,
JSM-6700;

(2) Dynamic property test

RPA2000 rubber processibility analyzer pro-
duced by Alpha is used for testing;

Strain scanning test conditions: temperature 60
°C, frequency 60 Hz, strain range 0.25% to 100%;

1.4 Bound rubber

Weigh about 0.5g of the sample, package it in
a stainless steel mesh with known mass, put it in
100ml of toluene solution, soak it for 72h, change
the solvent, soak for 48h, take out the stainless

steel mesh, dry and weigh it, and calculate the
bound rubber content according to the formula:

R(%)= [w,‘ ~ W, X [Mey + (M, + M, }]] + [n-'__ XM, + (M, + M,}]‘

R (%): represents the content of bound rubber;

W,,: represents the weight of bound rubber
and filler after soaking and drying;

W _: represents the quality of the sample not
soaked;

M.: represents the weight of the filler in the
sample not soaked;

M _: represents the mass of rubber in the sample
not soaked;

2. Results and discussion

2.1 Effect of feeding sequence

The two-stage mixing is carried out in the in-
ternal mixer in the rubber laboratory. The speed
of the stage I rotor is 70r / min, the temperature is
90 °C, the speed of the stage II rotor is 60R / min,
the temperature is 70 °C, and sulfur and acceler-
ant are added in this stage. The feeding sequence
scheme of stage | mixing is as follows:

Scheme 1: add rubber SBR / BR -- 1min,
add part of carbon black N234 + white carbon
black +S169--2.5min, add the remaining filler --
4.5min, and add small material -- 6min for rubber
discharge.

Scheme 2: add rubber SBR / BR -- 1min, add
small material -- 2 min, add part of carbon black
+ residual filler of white carbon black -- 3.5 min,
and add the remaining filler -- 6 min for rubber
discharge.

Scheme 3: add rubber SBR / BR -- 1min, add
pretreated white carbon black (i.e. white carbon
black and proper amount of Si69 are mixed even-
ly in advance) --2min, add part of carbon black
+ 3.5min, add the remaining filler -- 4.5min, and
add small material -- 6min for rubber discharge.

Table 1 Vulcanization Property Analysis under Different Feeding Sequences

ML MH

MH-ML

Project ML1+4 /@N'm) /(dN'm) /(dN'm) t10 /s t90 /s 1/(t90-t10)
100°C

Option 1 67.8 2.6 17.93 15.3 1.97 8.05 0.1645

Plan 2 66.5 2.5 17.23 14.7 2.10 7.98 0.1701

Option 3 69.1 2.4 16.50 14.1 2.14 7.49 0.1870
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Different feeding sequences have different
degrees of effect on the property of the mixed
rubber. From Table 1, it can be seen that the
maximum torque MH and the torque difference
(MH-ML) of the mixed rubber in mixing
process scheme 1 and 2 are equivalent, but the
torque difference of 3 is small, which is due to
the fact that the carbon black and white carbon
are added to the SBR / BR rubber together. Due
to the different wetting degrees of the two fillers
with the rubber and the effect of mixing time,

2.1.1 Mechanical property analysis

Torsi - 500
i

§.
NN ¢

.
\

]

Plan 2
(a)

Option Option 3

it is easy to form filler aggregate. Therefore,
the torque value of scheme 1 and 2 is higher,
while that of 3 is the lowest. Meanwhile, the
curing time of scheme 3 is shorter than that
of scheme 1 and 2, and the curing rate is
the fastest, which is due to the fact that the
pretreated carbon black is infiltrated with the
rubber before it is added, making the carbon
black be evenly dispersed in the rubber so as to
reduce the agglomeration of filler, and improve
its dispersion in the rubber.

oo trmgth |
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T
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Plan 2
(b)

Option Option 3
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Figure 1. (a), (b) and (c) show the mechanical properties of different mixing processes

Option Option 3
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From Figure 1, it can be seen that the
comprehensive mechanical properties of scheme
3 are the best, with high tensile strength, 300%
definite elongation stress and tear strength, and
low Akron abrasion loss, indicating that with
the feeding sequence of scheme 3, white carbon
black and carbon black can be evenly dispersed in
the rubber, improving the mechanical properties
of the whole rubber. In scheme 1 and 2, the
sequence of adding small materials is different,
but the way of adding filler is the same. In rubber
mechanical properties, filler plays a leading role.
Therefore, the difference of infiltration

content of the mixed rubber with white carbon
black fully dispersed is higher than that of the
carbon black. This is because after the white
carbon black is added first in the scheme 3,
the white carbon black and the rubber are first
coupled to form a bound rubber under the action
of the silane coupling agent, and the carbon black
added later has improved dispersibility under
the action of shear force, resulting in increased
bound rubber content.

degree of white carbon black and carbon g
black in rubber affects its mechanical
properties in rubber.

2.1.2 Content of bound rubber 2

The filler interacts with the 8
polymer through physical adsorption, 2
chemisorption, and mechanical interaction E
to form a bound rubber. In addition, &
the bound rubber has been considered
as an important index of carbon black 49
reinforcement!?.

It can be seen from Figure 2 that the

bound rubber content of scheme 3 is the
largest, that of scheme 1 is the second, and
that of scheme 2 is the lowest. Therefore,
it can be concluded that the bound rubber

2.1.3 Dynamic property analysis

e |
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a) Relationship between the storage modulus G’
f the mixed rubber and the strain
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Figure 2. Bound Rubber Content under Different

Mixing Processes
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(b) Relationship between the storage modulus G’ of
the vulcanized rubber and the strain

Figure 3 (a) and (b) show the relationship between storage modulus G’ and strain under different

mixing processes
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From Figure 3 (a), it can be seen that the storage
modulus of the carbon black rubber under the
three schemes of the mixing process decreases
with increasing strain, and has a higher storage
modulus under smaller strain, that is, as the strain
increases, the storage modulus decreases rapidly.
This is because when carbon black is added to
rubber, carbon black and rubber adsorb to form a
filler network under a smaller strain. Some rubber
is covered by carbon black and loses its elasticity,
so the stress is greater. When the strain increases,
the adsorption and desorption between carbon
black and rubber co-exist, the coated rubber is
gradually released, and the stress decreases.
When the strain is large enough to fully release
the coated rubber, the stress no longer decreases,
which is the Payne effectl®. The Payne effect of
scheme 3 is the strongest, which indicates that
in this mixing process scheme, the filler network
formed by the adsorption of fillers and rubber has
a strong degree of network structure. However, in
the other two process schemes, because the fillers
are added in the same way, the change tendency
of storage modulus with strain is basically the
same and consistent with the change tendency of
the bound rubber content.

Figure 3 (b) shows the strain scanning
comparison of vulcanized rubber under three
mixing processes. G’ in vulcanized rubber under
strain amplitude is the result of the interaction
of cross-linked network and filler network™.
It can be seen from the figure that the initial
storage modulus G’ of scheme 3 is slightly
higher than that of the other two schemes when

2.2.1 Vulcanization property analysis

the vulcanization dosage is equal, indicating
that the interaction between filler and filler as
well as filler and rubber is greater than that of
the other two mixing schemes in this process
scheme.

2.2 Effect of process parameters on the
property of mixed rubber

The mixing process of rubber is the repetition
of crushing, mixing, dispersing and simple
mixing changes at the same time under the
action of the mechanical shear force generated
by the rubber elastomer and various ingredients
when the rotor rotates, and finally achieves the
desired physicochemical process of dispersion
effect’®’. In this experiment, under the condition
that other process parameters are constant and
the temperature and the speed of the rotor are
controlled, the effect of these two factors on the
property of SBR / BR mixed rubber is studied.
Through the property comparison of the above
feeding sequence, mixing sequence in scheme 3
is adopted in this round of experiment.

Table 2 Sample Sequencing Table Prepared
for Parameters of Different Mixing Processes

Speed /
|
S 50 70 90
Tempe-
rature/°C
50 Sample 1 Sample 2 Sample 3
70 Sample Sample Sample
no. 4 no. 5 no. 6

90 Sample 7  Sample 8  Sample 9

Table 3 Rubber Vulcanization Characteristics of Each Sample under Different Mixing Process

Parameters

Project /( dl\I:IIL-m) / (cll\I{IH-m) /lz/fﬁl\}l_\fﬁ) t,/s to, /S 1/(t,, -t,,)
Sample 1 2.46 17.27 14.81 2.30 8.84 0.152
Sample 2 2.36 17.45 15.09 2.29 8.75 0.155
Sample 3 2.36 17.74 15.38 2.28 8.72 0.155
Sample no. 4 2.38 17.84 15.46 2.39 8.94 0.153
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Sample no. 5
Sample no. 6
Sample 7
Sample 8

Sample 9

242

243

2.51

2.48

2.45

17.64

17.68

17.49

17.69

17.83

15.23

15.25

14.98

15.21

15.38

2.36

2.35

2.44

2.35

23

8.76

8.74

8.74

8.64

8.51

0.156

0.156

0.158

0.159

0.161

15

From the data in Table 3, it can be seen that at
the same temperature, with the increase of speed,
the MH of samples 3, 6 and 9 is higher, indicating
that with the increase of speed, the mixing
effect is improved, and that the filler is evenly
distributed in the rubber. Samples 1 and 4 have a
long optimum curing time (t90), indicating that
at low mixing temperatures and low speeds, the
filler and ingredient are not evenly dispersed in
the rubber, which is prone to agglomeration so as

to reduce the activation promotion effect of the
vulcanizing agent, making it difficult to vulcanize
the mixed rubber evenly, prolong t90 and reduce
the curing rate. With the increase of mixing
temperature and speed, the optimum curing time
of samples 5 to 9 is shortened significantly, and
the curing rate is increased, which indicates
that at a suitable roll temperature and speed, the
wetting rate of filler and rubber can be improved
and the dispersion efficiency of ingredient.

2.2.2 Effect of different process parameters on physical and mechanical properties of the

mixed rubber

Table 4 Eftect of Different Process Parameters on Physical and Mechanical Properties of the Mixed

Rubber

Proiect Sample Sample Sample Sample Sample Sample Sample Sample Sample
d 1 2 3 no.4  no.5 6 7 8 9
Tensilestrength/ 0\ 14 215 208 215 220 222 229 218
MPa

Elongation at 4244 4227 4204 4268 4181 411.1 4122 4005 3879
break/%

300% definite

elongation stress ~ 14.0 14.8 15.0 14.2 15.0 15.8 15.1 15.7 15.9
/ mpa

Hardness (Sho- 69 68 67 68 68 68 69 68 69
reA) / degree

Rebound /%

(23°C) 37 38 38 37 38 39 37 38 38
Tearingproperty o/« 458 465 462 488 498 478 480 468
KN/m

Compression fa-

tigue temperature  41.7 40.4 39.7 41.5 40.6 39.1 41.4 40.1 39.7

rise / °C
Akron abrasion
cm’/ 1.61km

0.0902 0.0890 0.0880 0.0889 0.0865 0.0831

0.0815 0.0803 0.0868
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It can be seen from Table 4 that at the same
speed, as the temperature of the mixed rubber
increases, the tensile strength, 300% definite
elongation stress, and tear strength increase,
while the elongation at break decreases. At the
same temperature, as the speed increases, the
mechanical properties increase, the compression
temperature rises and the Akron abrasion
loss decreases. However, in sample 9, the
mechanical properties such as tensile strength
and tear strength decrease, but the Akron
abrasion loss increases, which is due to the fact
that as the temperature or speed increases, the
SBR / BR softens and the shear force on the
rubber increases so as to increase the number
of active sites in contact between the rubber and
the filler and increase the mass fraction of the
bound rubber generated, so the reinforcement
property becomes better. However, at higher
temperatures and high speeds, the shear
deformation of the rubber increases, which
increases the amount of heat generated, breaks
the physical bonds between the molecules of
the primary rubber, shortens the active chain
end, weakens the activity, and reduces the

bound rubber generated by the filler, resulting
in reduced rubber properties. It indicates that
selecting the proper mixing temperature and
speed can improve the mixing uniformity of the
rubber. In the experimental research range, the
mechanical properties of the rubber are better
when 70 °C % 90r / min or 90 °C x 70r / min is
used, but with the comprehensive factors such
as mechanical properties and wear resistance of
the rubber considered, the process conditions of
90 ° C x 70r / min should be selected.

2.2.3 Carbon black dispersion of different
mixing process parameters

The carbon black dispersion in rubber is
an important index for measuring the quality
of mixed rubber, and it is also an important
criterion for measuring the property of the
finished mixed rubber. A carbon black disperser
is used to analyze the dispersion of carbon black
in the mixed rubber. The X value represents the
dispersion level. The higher the level, the better
the dispersion. The white area represents the area
occupied by the white particles, which are the
undispersed carbon black agglomerates.

Table 5 Carbon Black Dispersion of Different Mixing Process Parameters

No. Sample 1 Sample 3 Sam;;le 1o Samp61e 1o Sample 7 Sample 9
X value 6.6 7.5 6.9 8.1 7.8 7.2
Dispersion (%)) 92.8 96.9 94.8 98.7 97.2 95.9
White area % 8.8 5.4 6.9 3.6 4.5 4.9

Dispersion value of carbon black in the rubber
is as follows when the temperature is 50 °C and
70 °C and the speed is 50 r / min and 90 r / min
respectively. After increasing the speed, the white
area in the rubber decreases, but the X value and
the dispersion increase, that is, the agglomeration
of the small pieces decreases, and the carbon
black is evenly dispersed. Increasing the mixing
temperature at the same speed will increase the
dispersion of carbon black in the rubber. This is
because after increasing the mixing temperature,
the fluidity of the rubber is improved, and the

dispersion rate of the carbon black in the rubber
is increased, so that the carbon black can be
evenly dispersed. Dispersion value of carbon
black in the rubber when the temperature is 90
°C and the speed is 50 n / min and 90 r / min
respectively. It can be seen from the data that the
dispersity grade of sample 9 is reduced, which
is due to the fact that at high temperature, high
speed will cause the increase of heat generation,
which will reduce the apparent viscosity of the
mixed rubber, resulting in the decrease of shear
stress and dispersion effect.
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2.2.4 SEM analysis

'&

Cald Ll

Lol
Figure 4 (a), (b) and (c) are SEM cross-section scanning of rubber filled by carbon black at 70 °C and
50 R/ min, 70 R / min and 90 R / min respectively

It can be seen from the figure that when the speed is from 50r / min to 90r / min, the roughness of the
rubber section gradually decreases, indicating that the increase of the speed will increase the degree of

carbon black infiltration in rubber.

2.2.5 Content of bound rubber

Bound rubber/%
&
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Figure 5 Bound Rubber Content of Each Sample

It can be seen from Figure 5 that at the
same temperature, the amount of bound rubber
increases with the increase of the speed, which is
due to the fact that the molecular chain of rubber
generates more active chain ends when it breaks
under the action of high shear force and react with
carbon black, so that the bound rubber content
increases. At the same time, at the same speed, the
increase in temperature increases the fluidity of

the rubber, thereby increasing the rate of powder
feeding of the colloid, and enhancing the binding
ability between the filler and the molecular chain
of the rubber. When the temperature and speed
continue to increase, the formed bound rubber
network is damaged to a certain degree under the
action of high temperature or high shear force,
and the generation rate of the bound rubber
decreases.
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2.2.6 RPA analysis
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(a) Relationship between the storage modulus G’
of the mixed rubber and the strain
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(b) Relationship between the storage modulus G' of
the vulcanized rubber and the strain

Figure 6 (a) and (b) show the relationship between the storage modulus G’ and the strain of mixed
rubber and vulcanized rubber at different speeds at 90 °C

It can be seen from Figure 6 (a) and (b) that
at the same temperature, the storage modulus
of the mixed rubber and vulcanized rubber
at different processing speeds has a different
tendency. When the strain is less than 10%, the
speed is changed from 50r / min to 70r / min
and the storage modulus gradually increases,
and when the speed is 90r / min, the storage
modulus decreases. This is because under the
action of high shear force, the force between
the filler and rubber molecules increases, and
the content of the bound rubber generated
increases. The bound rubber adheres the filler
to the rubber matrix, and plays a bridge role
between the rubber and carbon black filler. The
movement of the rubber’s molecular chain is
limited, showing a higher storage modulus in
the macro view. However, when the shear force
is too large, the molecular chain of rubber will
be broken, resulting in peeling of the bonded
rubber generated from the rubber, in damaging
the formed bonded rubber network and in
decreasing storage modulus.

Conclusion
1. It can be seen from the study of feeding
sequence that under different feeding sequence,

after infiltrating the pretreated white carbon
black and rubber and adding carbon black, the
agglomeration of filler is reduced, the dispersion
of white carbon black in rubber is improved,
and the blended rubber obtained has the highest
content of bound rubber, and better mechanical
properties and wear properties.

2. As the temperature of the mixed rubber
increases at the same speed, the tensile
strength, 300% definite elongation stress, and
tear strength increase, but the elongation at
break decreases. At the same temperature, as
the speed increases, the mechanical property
increase, but the compression temperature rise
and Akron abrasion loss decrease. The bound
rubber content and storage modulus increase
with the increase of processing speed, that is,
when the speed is 90r / min, the generation
rate of bound rubber decreases and the storage
modulus decreases.

3. Proper mixing temperature and speed can
improve the mixing uniformity of the rubber.
In the different data of the above samples, with
the comprehensive factors such as mechanical
properties and wear resistance of the rubber
considered, the process conditions of 90 ° C X
70r / min should be selected.
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AHAJIU3 HATPABJIEHUA PA3BUTUA
OYHKUNOHAJIM3SUPOBAHHOIO TEXHUYECKOIO
YIMEPOJA B BYAYLLEM

ANALYSIS ON THE DEVELOPMENT DIRECTION OF FUNCTIONALIZED
CARBON BLACK IN THE FUTURE

Annomayusn (na pyc). B ceéasu ¢ pacmywum Cnpocom Ha KayuyKk O 9KOIOSUYECKU YUCBIX MAMEPUanios, npeonpu-
Amus caxcu 8 cmpaue u 3a pyoexcom paspabomany (YHKYUOHATUSUPOBAHHYIO CAXCY € HUSKUM SUCIEPE3UCOM U HUSKUM
CONpoOmMuBIeHUeM KAueHuro, Ymobbl npUcnocooumscs K paspabomie 3enenvix wiuH. OKucieHue nogepxHocmu, MoOuPuKa-
Yus NPUBUBKU U MOOUDUKAYUS 0OO0L0UKU ABTAIOMCS 0ObIYHBIMU MEMOOAMU MOOUDUKAYUU MeXHUYecKo2o yenepooa. Hosvie
KOMRO3UMHbIE MAMEPUATbL U3 YeLePOOHbIX HAHOMPYOOK / MEXHUYECKO20 Yenepodd u epapena Mo2ym Yyuuiums 31eKmpi-
YeCKYI0 POBOOUMOCb, MENIONPOBOOHOCYb U USHOCOCHOUKOCMb PE3UHbL RPOMEKMOopd, YMEHbULUMb HAKONIEHUe Menid 6
PESUHOBOU OCHOBE NPOMEKMOPA U NOGBICUMb 00N208EUHOCMb WiHbL. [lepcnekmusa npumenenus 08yxX U008 MAmMepuailos
Makoice 6xo00um 6 noie usyueHus.

Abstract (in Eng). With the increasing demand of rubber for ecologically clean materials, soot enterprises in the coun-
try and abroad have developed functionalized soot with low hysteresis and low rolling resistance in order to adapt to the
development of green tires. Surface oxidation, grafting modification and cladding modification are the conventional modi-
fication methods of carbon black. The new composite materials of carbon nanotubes/carbon black and graphene/carbon
black can improve the electrical conductivity, heat conductivity and wear resistance of the tread rubber, reduce the heat
accumulation of the tread base rubber, and improve the durability of the tire. The application prospect of two kinds of ma-
terials is also entering the field of vision.

Wang Hong Chu Lingling
Qingdao Black Cat Carbon
Black Technology Co., Ltd.,
Qingdao, Shandong, 266042

Knroueswvie cnosa: Yepruiii yenepod, Moouguxayus mexnuyeckoeo yenepooa, I pagen; Yenepoousie nanompyoku.

Keywords: Carbon black; Carbon black modification, Graphene; Carbon nano tubes.

Preface

Functionalized carbon black refers to carbon
black that is chemically or physically modified
on the basis of carbon black so that the surface of
the carbon black matrix material forms functional
groups with certain chemical or physical
properties and specific properties or functions.

With the development of the properties
of carbon black, the application of carbon
black has been expanded, including rubber,
printing ink, coating, plastic, battery, electronic
components, agriculture and synthetic leather
and other industries and fields. At present, with
the continuous upgrading of products in various
fields, carbon black is regarded as the main
raw material, and its product performance must
continuously adapt to the new requirements of
users. High-tech content and leading carbon

black products are becoming more and more
popular. At present, the pressure of the global
environmental pollution is very high. Whether
the carbon black meets the environmental
protection requirements in terms of the selection
of raw materials, the whole process of the
manufacturing process and the performance of
final products and whether it can provide users
with green, energy-saving and safe products has
attracted more and more users’ attention. All of
these provide an opportunity for the development
of various kinds of functionalized carbon black.
At present, functionalized carbon black for
non-rubber purpose has developed rapidly.
In particular, foreign famous carbon black
enterprises have formed a series of high-end
functionalized carbon black with complete
functions, their own characteristics and standards
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in recent ten years. These kinds of functionalized
carbon black meet the green environmental
protection development needs of printing ink,
plastic, battery and other areas.

However, the development of functionalized
carbon black for rubber purpose is lag mainly
because the R & D and upgrading period of
new products is long, and the requirement of
green environmental protection performance
of raw materials by downstream traditional
users is not particularly strong. However, as the
environmental awareness of the whole society
continues to strengthen, the demand for green

environmental performance materials will
continue to increase, so green environmental-
friendly materials for rubber will also be more
and more applied and popularized.

The rapid development of carbon black
post-treatment technology, especially the rapid
development of carbon nanomaterials in recent
ten years, has provided technical support for the
development of various kinds of functionalized
carbon black in the future. This is mainly
reflected in the treatment of specific surface area
of carbon black, structure, pH, surface functional
group and other properties.

2. Technical development of functionalized carbon black for non-rubber purpose
2.1 Performance indexes of pigment and conductive functionalized carbon black

Table 1 Scope of main indexes of medium and high-end conductive carbon black

‘ DBP, 10°m’/ 2/9 resistance
Project  NSA10°m%kg PH value 325#ppm .
kg ratio
Mid >150 >150 6-8 <20 >1.8
High >400 >300 6-8 <20 >1.8
Table 2 Indexes of main pigment and conductive carbon black at home and abroad
) Color . . ;
Special carbon Blackness . . Volatile  Oil factor Ash NSA Size
S/N ) intensity PH
index value M % % 10°m*/Kg % 10°m*kg nm
0
Middle-end
1 pigment carbon - 95 1 150 8 0.2 81 24
black
Middle-end
2 pigment carbon 249 114 1.2 126 9 0.1 270 18
black
High-end pig-
3 ment carbon 286 112 20 160 3.5 0.02 550 13
black
High-end pig-
4 ment carbon 258 136 1 52 9.5 0.8 240 15
black
High-end pig-
5 ment carbon 265 141 1 98 9 0.4 350 14
black
Middle-end
6 conductive 150 86 0.5 190 7.2 1.0 200 20
carbon black
High-end con-
7 ductive carbon 261 124 0.5 420 7.8 1.6 1000 30

black

These carbon black indexes endow with
excellent dyeing performance, high blackness,
high conductivity, high dispersity, high purity,
and low pollution characteristics. Some of the

excellent properties of carbon black are mainly
produced by treating the surface of the carbon
black, which are typical representativess of
functionalized carbon black. The development
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trend of functionalized carbon black for non-
rubber purpose in the future mainly focus
on making carbon black have high specific
surface area, high structure, high dispersity,
high acidity and alkali and low ash content and
other characteristics through the treatment of the
surface of carbon black.

2.2 Grafting modification technology of
functional group on the surface of carbon
black

[1] The surface of carbon black is activated by
the polymer material with free radical trapping
effect, so that it can initiate the activity and then
initiate the polymerization and grafting of the
monomer. For example, butyl acrylate is grafted
onto the surface of carbon black by atom transfer
radical polymerization (ATRP) by using carbon
black particles with C.H,Na on the suface as a
raw material. The experiments of thermal weight
loss and light scattering show that a considerable
amount of polymer has been grafted onto the
surface of carbon black to obtain poly butyl
acrylate. The grafted functionalized carbon black
can form stable dispersion liquid in organic
solvent.

[2] Carbon black is mixed with diazonium
salt solution containing silver, copper, nickel,
etc. The metal groups can be linked to the
organic groups on the surface of carbon black
and generate special functionalized properties. It
is mainly used in the fields of catalysis, electron
heat transfer, ion heat transfer, absorber and
luminescence.

2.3 Modification treatment for reducing the
structure of carbon black

The structure of carbon black (DBP=20-
40cc/10g, 12=30~200mg/g) can be effectively
reduced by injecting auxiliary hydrocarbon gas
into the reaction zone of carbon black.

This low-structure carbon black is used in
the fields of toner, spray ink, pigment, and the
like. The coating viscosity can be reduced.
More carbon black is allowed to be added, and
a higher optical density (reflecting the opacity
of the material) can be obtained with few alkali
metals, and low acidity and hydrophilicity. In the
conventional production, alkali metal is injected
into a reaction furnace to reduce the structure,
so that more electriferous groups and charge are

accumulated on the surface of carbon black

This improves the viscosity of printing ink,
pigment, coating, and makes carbon black acidic
and hydrophilic, hindering the compatibility with
printing ink, pigment and other polymers in the
coating.

2.4 Modification treatment of porous
carbon black by oxidation

Mesoporous carbon black having void greater
than 2 nm and a higher specific surface area
is formed by oxidation of carbon black with
oxidizing agent in a fluidized bed. The general
specific surface area is over 600-1,200 m?/g,
NSA/STSA=0.95-1.1. Figure 1 is a process flow
chart of oxidation modification.

RO

The main process conditions include:

Oxidant: steam, CO,, nitrogen, or inert gas;

Fluidized bed temperature shall be greater than
800 °C;

Ratio of steam to carbon black weight =0.2;

Carbon black flow rate = 0.1 m/s, reaction time is
more than 0.5 hour.

Figure 1 Process flow chart of oxidation
modification

This kind of mesoporous functionalized
carbon black is mainly used in conductive
plastics, ink-jet ink, battery electrode and ultra-
large capacitor. In the past, the carbon black
with void is produced mainly by increasing the
reaction time of the carbon black in the reaction
furnace and adding alkali metal. However, this
method can only obtain microporous carbon
black with void of less than 2 nm.

2.5 Modification treatment for improving
the structure and dispersity of carbon black

In order to improve the structure of carbon
black, a multistage reactor is used to spray raw
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material at more than two positions in the i

axial direction. In addition, various kinds
of oxidizing active agent are injected

Combustio
Transitio  Raw material fr—

Wgpy  inieionort LFIERILE

downstream of the reaction section, so
that various functional groups are formed
on the surface of carbon black, and the
dispersity of carbon black is improved.

The main indexes of functionalized
carbon black: DBP > 170, STSA = 160-
220. The following diagram shows the
structure of the multistage reactor.

DR

Figure 2 Structure diagram of multistage reactor

2.6 Preparation of functionalized carbon
black slurry

Printing ink is the biggest pollution source
of the printing industry at present and the
environmental-friendly ink, mainly including
the water-based ink, is the development
directioninthe future. The carbon black slurry
with different concentration can be prepared
by modifying and emulsifying the surface of
carbon black, and the concentration can be
adjusted arbitrarily by adding water, which
is the most important material for preparing
black water-based environmental-friendly
ink.

2.7 Carbon nano materials/carbon black
composites

Through the modification of carbon black and
physical or chemical combination of carbon nano
tubes and graphene, new nano-scale composite
materials are produced. These new materials will
improve the corrosion resistance of the coating,
improve the storage capacity of the battery and
fast charging. They are applied in anticorrosive
paint, new energy automobile battery, mobile
phone battery and so on.

3. Technical development of functionalized
carbon black for non-tire rubber products

Functionalized carbon black for non-tire
rubber products is modified on the basis of
existing ASTM standard and is mainly divided
into two types.

One is to increase the purity of carbon black
to meet specific performance requirements. The
ash content and 325 mesh sieve residue of this

Figure 3 Conventional carbon black solution

(delamination)

Figure 4 Carbon black emulsion slurry (uni-

form)

type of carbon black are very low. Ash content
is typically less than 0.10% and 325 mesh sieve
residue is less than 20 ppm; specific surface area
is CTAB 30-45 m%*g, COAN 50-90 ml/100g.
This type of carbon black is suitable for rubber
extrusion, calendering and molded products,
especially automotive sealing strips. Such
carbon black products are not only improved in
appearance but also extended in service life, and
are more easily dispersed and more uniformly
vulcanized during rubber processing to reduce
the rejection rate.

The other is a special variety “tailored” for
industrial rubber products for specific use. This
kind of carbon black can be used for rubber
products with different functions, such as door
and window sealing strips, wiper, air-conditioning
pipe, oil seal, transmission belt and sealing ring
through improving comprehensive property by
modification treatment including oxidation and
grafting.
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4. Technical development of functionalized
carbon black for tire

4.1 Concept of green tire

Throughout the development history of tire,
from the initial solid tire to bias tire, and then
to the radial tire, and finally to the current green
tire, it is a process where tire rolling resistance
constantly decreases. In 1992, Michelin produced
the first green tire (containing silicon), meaning
that low rolling resistance radial tires will begin
to replace ordinary radial tires.

Currently, the concept of green tire extends to
radial tire that uses new material and design to
reduce rolling resistance, thus achieving low fuel
consumption and low exhaust emission.

During the driving process of the automobile,
the tires will be deformed to cushion the
unevenness of the road surface, so they can
provide grip and comfort. When the rubber
sizing material is deformed, its temperature rises
and it consumes part of the energy transmitted
by the engine. This phenomenon is called
rolling resistance. On average, 20%-30% of the
fuel consumption is used to overcome rolling
resistance, while the rest of the fuel consumption
is used to combat air resistance, inertia, and
internal friction (e.g., inside the engine or
gearbox).

e

e o e e

Shear and

Figure 5 Schematic diagram of tire rolling
resistance formation

4.2 Development of green functionalized
carbon black

The tire industry focuses on environmental
protection and safety, and the tire performance is
developing towards the direction of low rolling
resistance, high traction, good wear resistance
and durability, which promotes the development
and application of new carbon black varieties.
At present, foreign carbon black enterprises

have developed some functionalized high-
quality carbon black to meet the needs of high-
performance tires and racing-car tires, including
green low hysteresis carbon black, ultra-high
structure carbon black, nano structure carbon
black and modified carbon black and other new
varieties, so that comprehensive performance of
tires gets improved in the premise of maintaining
tread wear resistance.

4.2.1 Modified carbon black "2

In order to adapt to the development of green
tires, carbon black enterprises at home and
abroad have developed functionalized carbon
black with low hysteresis and low rolling
resistance properties, such as two kinds of dual-
phase carbon black containing silicon developed
by Cabot of the United States: CSDPF2000, with
low silicon content and uniform distribution
inside and outside of carbon black particles, is
mainly used for truck tires; CSDF 4000, with
high silicon content, and silicon covered on the
surface of carbon black, is used for car tires.

Richardson Corporation of the United
States developed and launched a new class
of functionalized carbon black derived from
chemical modification. ES 200,carbon black is
mainly used for loader tires.

The modification methods of carbon black
mainly include surface oxidation modification
Bl grafting modification ¥ and cladding
modification. Surface oxidation modification
can be divided into gas phase oxidation, liquid
phase oxidation, plasma oxidation and catalytic
oxidation. The main purpose is to increase the
carbonyl group, hydroxyl group, carboxyl group
and other functional groups on the surface of
carbon black, so as to increase the combination
of carbon black and rubber, increase the content
of the combined rubber and improve the wear
resistance of the sizing material. However, this
has little effect on reducing the heat generation
and hysteresis loss of the sizing material.

(1) Modification by liquid phase oxidation

Carbon black is treated with one or more
kinds of ionic liquid. It can be found from the
pictures that there are many ‘“grape” particles.
After amplification to observe particles, it can
be found that different sizes of carbon black
particles overlap together, carbon black is more
compact in morphology, and irregular in shape.
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Figure 6 Liquid phase oxidation modified car-
bon black

The wetting process and dispersion time of
carbon black modified by liquid phase oxidation
are obviously shortened, and the flexural
fatigue resistance of styrene-butadiene rubber
vulcanizates can be greatly improved by adding
ionic liquid.

(2) Grafting modified carbon black

The process of linking a polymeric compound
to the surface of carbon black by chemical action.
It includes free radical grafting, polymerization
grafting and grafting of surface functional groups
of carbon black with polymer. The main purpose
is to increase the bonding with a certain matrix,
and the surface of carbon black is grafted with
the same substance of the matrix to increase the
bonding with a certain matrix.

In the above, butyl acrylate is grafted onto
the surface of carbon black by atom transfer
radical (ATRP) polymerization by using carbon
black particle with sodium benzene carboxylate
(-C,H,Na) on the surface as a raw material. The
experiments of thermal weight loss and light

Spectrum 2

Full Scale 7788 cts Cursor. 0.000 keV

Figure 9 Energy spectrum
analysis

Figure 10 Electron microscope
photo of cladding modified car-

Figure 7 Electron microscope photo of liquid
phase modified carbon black
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-
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CB- CH,CO0Na

o
m%oﬂ\ng
- v . CUBHPMDETA, n-BA
CuBry/dNBPY, 70 °C
CB-Br

Figure 8 Schematic diagram of grafting
modified carbon black

CB- CoH,COOH CB- CH,COCI

CB-PBA

scattering show that a considerable amount of
polymer has been grafted onto the surface of
carbon black to obtain poly butyl acrylate. The
grafted carbon black may form stable dispersion
in organic solvent.

(3) Cladding modified carbon black

The main purpose of the modification process
of carbon black coated with white carbon black is
to improve the dispersion of white carbon black
in carbon black and sizing material.

Figure 11 Electron microscope
photo of common carbon black

bon black
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4.2.2 Carbon nano materials/ carbon black
composites

1. Carbon nano materials

Carbon nano materials mainly include
graphene, carbon nano tubes and fullerene. These
carbon nano materials mainly have the following
characteristics:

A. Fullerene

It is a kind of carbon in elemental form
with zero-dimensional structure. Among them,
C,, molecule was found earlier and has made
important progress. C ; molecule is a molecule
made up of 60 carbon atoms. It resembles a
football, so it is also known as footballene. C,
is a stable molecule formed solely by the binding
of carbon atoms, with 60 vertexes and 32 faces,
of which 12 are regular pentagons and 20 are
regular hexagons, with a relative molecular mass
of about 720. It has many excellent properties,
such as superconductivity, strong magnetism,
high pressure resistance, and chemical corrosion
resistance, with broad application prospects.

B. Carbon nano tubes

Carbon nano tubes are in one-dimensional
structures, mainly divided into single-walled and

Figure 12 Schematic diagram of fullerene C,
structure

multi-walled carbon nano tubes. Carbon nano
tubes have good mechanical properties. The
tensile strength reaches 50-200 GPa, which is
100 times higher than that of steel, but the density
is only 1/6 of that of steel. The draw ratio of the
carbon nano tubes is generally 1,000: 1 or more.
carbon nano tubes are ideal high-strength fiber
materials. Carbon nano tubes have good electrical
conductivity, good heat transfer performance and
high thermal conductivity. As long as a small
amount of carbon nano tubes are doped into
the composite, the thermal conductivity of the
composite may be greatly improved.

Length: 1-50 pm, diameter: 0.75-3
nm.

Length: 0.1-50 pym, diameter: 2-30
nm, layer number: 2-50, layer
spacing: 0.34 = 0.01 nm

Single-walled carbon nano E
tubes

Multi-walled carbon nano
tubes

Figure 13 Schematic diagram of single-walled and multi-walled carbon nano tubes

Heat conductivity
coefficient W/Mk

Tear strength Volut
kN/M resistivity

Tensile
strength/MPa

Figure 14 Electron microscope photo of carbon nano tubes
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C. Graphite *]

Graphene is in two-dimensional structure,
divided into single-layer, few-layer and multi-
layer graphene, with high electrical conductivity,
extremely high heat conductivity coefficient
(better thermal conductivity than carbon
nano tube), high strength, ultra thin and light
properties. The following is electron microscope
photo of graphene.

Single-layer Few-layer

Multi-layer

Figure 16 Electron microscope photo of graphene

(2) Development of functionalized nano
carbon black for tire purpose

Through the composite treatment of carbon
nano tubes ['*5with carbon black, graphene and
carbon black, a composite material of carbon
nano tube /carbon black and graphene/carbon
black is formed, and the following objects are
achieved:

A. To improve the dispersion of nano
materials in rubber matrix, the interaction
between composite fillers and the interaction

between fillers and rubber without destroying the
properties of nano materials.

B. To improve the electrical conductivity,
heat conduction and wear resistance of the tread
rubber, reduce the heat accumulation of the tread
base rubber, and improve the durability of the
tire.

C. To solve the difficult dispersion of nano
materials in sizing material, and to meet the
need of higher mechanical properties of rubber
composite.

Figure 17 Electron microscope photo of

graphene/carbon black composite

Figure 18 Electron microscope photo of carbon
nano tubes/ carbon black rubber compound
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Figure 19 Electron microscope photo of
graphene/carbon black composite

3)

Properties of graphene/carbon black, carbon
nano tubes/carbon black

The following data show a comparison of
the sizing material properties of two composites
with conventional N234 in a radial half steel tire
formulation (Table 3).

Table 3 Comparison of properties of sizing
material

Heat conductivity coef- 100 135 125
ficient W/Mk

Volume resistivity/CQ 100 1 1
.cm

Akron abrasion/ 100 70 75
cm?/1.6km

Hardness 100 103 102
Tensile strength/MPa 100 114 110
Tear strength kN/M 100 140 133
300% definite elonga- 100 128 132
tion stress / mpa

Compression tempera- 100 95 98
ture rise/ C

Note: N-1: graphene/carbon black composite;
N-2: carbon nano tubes/carbon black composite.

5. Conclusions

In terms of the development course of carbon
black, it has been more than 50 years since the
birth of new process carbon black. with the rapid
development of scientific and technological
progress, major changes have taken place in

Figure 20 Electron microscope photo of
carbon nano tubes/ carbon black composite

relevant industries related to carbon black,
and environmental protection and safety have
become a consensus, which requires the future
development of the carbon black industry to
adapt to these changes. The current production
process of carbon black and the performance of
raw materials can not meet these requirements,
which requires researchers in the carbon black
industry to break through the existing process,
and to produce environmental-friendly and safe
carbon black products needed by the market
.based on the existing raw materials.

Therefore, the technical R & D of
functionalized carbon black will be an important
aspect of the scientific and technological progress
of carbon black in the future. However, the
following technical difficulties still exist:

1) Continuous processing technology and
mass production of functionalized carbon black;

2) Processing technology of functionalized
carbon black and environmental protection of
raw materials;

3) Product seriation and
functionalized carbon black;

4) High cost of functionalized carbon black.

In the future, with the continuous increase of
scientific and technological input in the carbon
black industry and the unremitting efforts
of scientific research personnel, the above
difficulties will also be broken through, so that
functionalized carbon black will be widely used
and popularized.

stability of
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CMocobbl NMNOoBbILLUEHNA 3HEPTOEMKOCTHU
KOPOAPEBECHbIX 0TX0A40B C YHETOM 3ABUCUMOCTH
TEMNOTbl CTOPAHUA OT BJIAXKHOCTU

WAYS TO INCREASE THE ENERGY INTENSITY OF BARK AND WOOD
WASTE TAKING INTO ACCOUNT THE DEPENDENCE OF THE HEAT OF

COMBUSTION ON HUMIDITY

Annomauyusn (na pyc). IIpeonosicenvt cnocobbi nOGbIUEHUSL IHEPLOEMKOCU KOPOOPEGECHbIX 0MX0008. [Iposedensi uc-
C1e008aHUsL MENTOMBOPHOU CNOCOOHOCMU PASTUUHBIX BUAO8 KOPOOPEBeCHbIX 0mX00086. Tlocmpoena 3asucumocms menno-

mbl c2OpaHust om 61ANCHOCMU.

Abstract (in Eng). Methods of increasing the energy intensity of bark-wood waste are proposed. Studies of the calorific
value of various types of bark and wood waste have been carried out. The dependence of the heat of combustion on humid-

ity is constructed.

Knroueswie cnosa: TCIJIOTA, BIA)KHOCTb, DHEPIrOCMKOCTb, OTXOAbL.

Keywords: heat, humidity, energy intensity, waste.

PaboTa mo MOBBINIEHUIO YHEPTOEMKOCTH KO-
POAPEBECHBIX OTXOIOB C YYE€TOM 3aBUCHUMOCTH
TCIJIOTBI CTOpaHHA OT BJIAXKHOCTH BBITIOJTHCHA
npu noxaepxkke IlpaBurenscTtBa Bomoronackoit
00JIaCTH B paMKax roCylIapCTBEHHOTO HAYYHOTO
rpaHra.

The work on increasing the energy intensity
of bark-wood waste, taking into account the de-
pendence of the heat of combustion on humidity,
was carried out with the support of the Govern-
ment of the Vologda region in the framework of a
state scientific grant.

B XXI Beke mmpokoe pacrnpocTpaHEHUe Io-
Jy4yaeT dHepreTvka, QyHKIMOHUPYIOIIas Ha BO-

300HOBJISIEMBIX UCTOUHUKAX 3HEpruu. OAHUM U3
HaIIPaBJICHUHN «3€JIEHON» DHEPTETUKU SIBIIAETCS
BbIPa0OTKa TEIUIOBOM U AJIEKTPUUECKON IHEPTHH
IIPU CKUTAHUU OTXOJIOB OT JAepeBOOOPAOOTKH U
3aroTOBKU JipeBecrHbl. Pa3nnyHbie BUIbI KOPOI-
PEBECHBIX OTXOJIOB OT JIEPEBOOOPAOOTKH — OTIHII,
Kopa, IIeMna, CTPYXkKa, TOpObLIb, @ TAaK¥KE OTXO-
Jbl OT JIECO3arOTOBKM — ITHHU, BETKH, BEPILIUH-
Hasl 4yacTb JiepeBa, OpakoBaHHas JpEeBECHHA SIB-
JISIOTCS TOTTUBOM JUIsl KoTenbHbIX, TOLl. [lpu
ATOM OCYILECTBIseTCS CUMOMO3 JBYX BHJOB
MIPOMBITIVICHHOCTH: JI€PEBO0OpadaThIBAIOIICH 1
SHEpPreTUYecKor orpaciieil. Jleco3aroToBuTeb-
HBIE TIPEATIPHUSITAS TIPUA ATOM YTHIU3UPYIOT CBOH
OTXO/IbI, ¥, KaK MIOKa3bIBAET IPAKTHKA, COBCEM HE
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OecIuIaTHO, SHEPreTUYeCKue KOMIIAHUH Ha JIaH-
HOM TOIIJIMBE MOT'YT CO3/1aBaTh paclpe/ieIeHHYIO
9HEPreTUKy U 3aMellaTh TPAJAUIMOHHBIC UCTOY-
HUKH T€HEepaluy, TEM CaMbIM CHUKasi BEIOPOCHI
B atmMocepy. OnHako, pu nepenade Kopozpe-
BECHBIX OTXOJIOB OT MPOM3BOAMTENS (1€peBOOO-
paboTka) K moTpeduTento (IHepreTuka) Mporucxo-
IUT pasfen MHTepecoB. Jleco3aroToBUTEIbHBIM
U JepeBo0OpabaTHIBAIOIIUM  MPEIIPUATHIM
TpeOyeTcs n30aBUTHCA OT OTXOJOB U BKIIIOUUTH
CBOU 3aTpaThl MO0 XPaHEHHIO, TPAHCIIOPTUPOBKE
OTXOJIOB B CTOMMOCTH TOIUIMBA. YUeT Bcel Mmpo-
OyKIMH (B TOM YHCJE U OTXOAOB) B JAEPEBOOO-
pabaTbIBaroliell MPOMBIIUIEHHOCTH BEIETCS B
TUTOTHBIX KyOMUECKUX MeTpax. JHEPreTHKaM HKe
HY)KHO MaKCHMaJIbHO€ CHW)KEHHE TEepPEMEHHBIX
3aTpaTt (B TOM YHMCIIE 32 CUET YJeIBbHOIO pacxo/a)
u crabuipHas pabora o0OpyIOBaHUS, TOITOMY
KaueCTBO TOIUINBA, €0 XapaKTEPUCTHKH BBIXO-
JST Ha nepeaHuit miaH. [Ipu 3ToM reHepupyto-
MM KOMIIAaHHSIM HMHTEPECHEee paccMaTpuBaTh
TETJIOTBOPHYIO CHOCOOHOCTh, a He O0OBEMHYIO
WIA BECOBYIO XapaKTEPUCTHKY IOJy4yaeMoro
TOIUIMBA.

Ha mnpakTike B 3aKIIO4aeMbIX JJOrOBOpax
OTpa)kaeTcsi O0beM NOCTaBKHM W MaKCHMallb-
HO JOIyCTHMasi BJIaXKHOCTh TorumBa. OmHAKO
OMH KyOMYECKHH METp ONWIOK IpH Pa3HOM
BJIQKHOCTU OyIeT MMETh Pa3Hyl0 dHEpreTHyec-
Ky XapaKTePUCTUKY W IPU CKUT'AaHUU BBIIC-
JATh pa3InYHOE KOJMMYecTBO Teruia. st Toro,
9YTOOBl CHU3UTH BIIAKHOCTH TOIUIMBA JHEPIoO-
NPEANPUATHS, TIPUMEHSIIOT PAa3IHYHbIE METO/IBI:
CKJIaIMPOBAHNE KPYMHO(PPAKIIHOHHOTO TOILIHBA
(TopOBLIb, CTBOJBI IEPEBLEB, MMHU) TSI €CTECT-
BEHHOH CYIIKH B T€YEHHE JIUTEIBHOTO MepHosa
(1o rona), NPUMEHEHUE CKIIAJ0B JUIsl CHIKEHHUS
BIIMSHUSI aTMOC(EPHBIX OCAIKOB M IOYBEHHON
BJIar", TypTOBaHUE, IPUMEHEHNE YKPBIBHBIX Ma-
TepuanoB U T.J. JlaHHbIE MEpONPUATHS JOCTa-
TOYHO 3aTpaTHble. J[7s Toro, 4roObl BOBIEYD B
MIPOIIECC MOArOTOBKHU TOIUIMBA IPOU3BOUTENCH
KOPOAPEBECHBIX OTXO/0B, Tpedyercsi pa3pado-
TaTb 3aBUCUMOCTh CTOMMOCTH OTXOIOB OT HX
SHepreTuuecko eMkocTu. OHAKO OIpPENeTUuTh
TETJIOTBOPHYIO CIIOCOOHOCTh KaKIOW MapTHH
TOBapa JOCTAaTOYHO JUIUTENBHBIA M JOPOroit
nporecc. B cBsI3u ¢ TeM, 4TO OCHOBHOE BIIUS-
HUE Ha KaJIOPUIHOCTH KOPOJPEBECHBIX OTXOJIOB
OKa3bIBACT BIIAXHOCTh, TpeOyeTcs OIpelenuTh
3aBUCUMOCTb TEIUIOTBOPHOW CIIOCOOHOCTH OT

BJIQXKHOCTH KaXXJOTO BHJA TOIIMBA U PacCUu-
TaTh BO3MOXXHYIO CTOMMOCTH OJIHOW JHEpreTH-
YECKOW €IMHMIIBI.

BbipaboTka 3JE€KTpUYECKOW U TEIUIOBOM
sHeprum Ha TOLI «bensiii Pydeit» nponsBoauT-
Csl TIO CXEeMe, BKITFOUAIOIIel B ceds /1Ba MapoBbIX
KOTJIa C KUNAmuM ciaoem tuia E-25-3,9-440
(«MH2KO-BOM», Mocksa-benropon), mpen-
HA3HAYCHHBIX I COKUTAHHS Pa3HOOOpPa3HBIX
JPEBECHBIX OTXOJOB, M OJIHY MapoOBYIO TypOUHY
tuna [1-6-35/0,5-1 («KT3», Kanyra).

Kornoarperar E-25-3,9-440 ¢ mnpexnronkom
KHIISIIEro cjosi obecrneunBaeT 3¢ (heKTUBHOE,
HSKOHOMHUYHOE U SKOJOTMYECKH 0e3011acHOe CHKU-
TaHHE BBICOKOBIAXHOTO M HHU3KOKAJIOPUWHOTO
TOIJTMBA. B COOTBETCTBUU C MACIOPTOM KOTJIa
BO3MOYKHO CKHTaHUE TOTUIMBA BIIAXXHOCTHIO IO
57% 6e3 moncBeTKH pe3epBHBIM ToIIMBOM. Ha
MPAKTHUKE B OCEHHE-3UMHUN TEpHUON JaHHAS
BJIQXKHOCTh JOCTUTAETCS] CMEIIMBAHUEM PA3IINY-
HBIX BUJIOB TOTLTMBA C PA3HOH BIIAXXHOCTHIO.

OcHOBHBIE BUIBI UCTIOIH3YEMOTO TOTLTHBA!

1) omun, cTpyXkKa, 1ena u3 JpeBeCHHbI XBOK-
HBIX TIOPO[,

2) xopa enoBas,

3) Kopa cocHOBas,

4) mena oCUHOBAS,

5) memna 6epe3oBasi.

[lepBbie TpH TMO3UIUU SIBISIOTCS OTXOAAMH
OT JIMHUW pa3leNKd AepeBOOOPaOaTHIBAIOLINX
MPOM3BOACTB M OCHOBHasi macca (Oomee 95%)
MOJTOTOBJICHA K COKUTAHHIO B KOTIax ((ppakius
He TpeBblaeT Oonee 50 MM O caMoOil ANUH-
HOU cTopone). YacTh TOIIMBA, MPEBBIIIAIOIIAS
JOMYCTUMBIE pa3Mephl (IUTMHHAS KOpa, OCTATKH
JOCOK U T.J.), OTCEUBAETCS HA COPTHPOBKAX H
HANpPAaBISETCS HA U3MENBUYCHUE B PYOUTEIBHOM
MalllmHe MOJIOTKOBOTO Tuma Jenz AZ 65D.

[Tocneanue NMo3uIMK BO3HUKAIOT B MpOLEC-
ce mepepaboTKu CTBOJIOB JIEPEBHEB, MOCTABIISIE-
MBIX U3 JIECO3ar0TOBOK HIIM TIOCIE BHIOPAKOBKH
Ha CKJIaJax JieconepepadaThIBaOIIUX MPEATPH-
atuid. [lepepaboTka B TOIUIMBHYIO LISy MPOU3-
BOJUTCS Ha pyOUTENbHON MalnHe 6apabaHHOTO
tuna Jenz HEM 560STA.

Hayunas nosusna pabomsi

Hayunast HOBHM3Ha paboOThI 3aKIO4aeTCs B
COBEpIIICHHO HOBOM (MHHOBAIIMOHHOM) TIOJIXO-
7€ paboThl C MOCTaBIIUKAMU JIs MPEATPUSATHIA
OTpaciiid YHEPTETHKHU, KOTOPbIE UCTOIB3YIOT OT-
XOIIbI JIepeBOOOPabOTKM B Ka4eCTBE TOILIUBA.
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Ha Teppuropun Bomoroxackoil obiactu 3Hauu-
TEJIbHOE KOJIUYECTBO MPEINpPUATHH, KOTOpBIE
UCTIONIB3YIOT JaHHBIA Bui ToruuBa. Ilpu stom
TOIIMBO TMPHOOpETaloT B OOBEMHBIX BETUYH-
HaX. OnHaKo OAMH KyOMYecKHi MeTp OTXOIOB
J1epeBo0OpabOTKH pU pa3HON BIAXKHOCTH Oy/IeT
UMETh Pa3HYIO SHEPIreTUYECKYI0 XapaKTepUCTHU-
Ky M TIPH C)KUTAHUU BBIJICIATH PA3IUYHOE KOJIU-
yecTBO Tema. Llenbio nanHON HaydyHOH paOoThI
ABJISIETCA ONpeIeeHne 11e1eco00pa3HOCTH pu-
oOpeTeHHs] OTXO/IOB ISl CKUTAHUSI B SHEPreTHU-
YEeCKHUX BeJIMUMHAX, T.€. IPUOOpEeTeHne KoIryec-
TBa YHEPTUH, a HE BeC WU 00beM Torumaa. J{is
TOTO, YTOOBI MPUHUMATh KOJIMYECTBO SHEPIHUH,
cofiepKalieiics B TOIUIMBE, SMIMPUYECKUM ITy-
TEM BBIBOJSIT 3aBUCUMOCTh TEIJIOTBOPHOM CIO-
COOHOCTH KOHKPETHOTO BHJA IPEBECHOTO TOII-
JMBA OT €ro BIAKHOCTH. J[aHHBIA MeTOa MMeeT
Psi1 OJOXKUTEIIBHBIX MOMEHTOB:

- yAayd4llleHHe KayecTBa TOIUIMBA (TIOCTaBILHU-
KaM BBITOJIHO PEaM30BaTh TOIUIMBO C BBICOKOM
TEIJIOTBOPHOU CITOCOOHOCTHIO);

- yBennuenue KIIJ[ oOopynoBanus cTaHuui,
KOTEJIbHBIX (CKUTaHUE JPEBECHBIX OTXOJOB C
HU3KOW BIIQXKHOCTBIO BCEIrZa MEHEe HEproeM-
KO€).

- peajbHas OLEHKa BJIAKHOCTU M TEILIO-
TBOPHOW CHOCOOHOCTH TO3BOJIAET TPAMOTHO
nogoOparb 000pylIOBaHME HCTOYHUKA TEIIO-
CHaOXKEeHUS, PeXKUMBI pabOThl, COCTAaBUTh TEX-
HUKO-3KOHOMHYECKOe 000CHOBaHWE MHBECTHIIU-
OHHOTO MPOEKTA.

B nannoit pabote OyayT npoBeaeHsI J1abopa-
TOPHBIE UCCIIEIOBAHUS 110 ONPENIEICHUIO YIelb-
HOM TEIUIOTHI CTOPaHHsI KOPOJIPEBECHBIX OTXO/I0B
U TMPOU3BENCH pacyeT 3KOHOMHYECKOH 3(dex-
TUBHOCTU MPUMEHEHUS TaHHOTO METO/A B paM-
Kax JIeMCTBYIOLIETO MPEATNPHUITHS.

Ob6vexmbl 1 Memoobl UCCLEeO08AHUSL

Jlis mpoBeneHust 1a00paTOpHBIX UCCIIEI0BA-
HUI 1O OIpeJeNeHHI0 TEIIOTBOPHOM Croco0-
HOCTU ¥ BIQXHOCTH KOPOAPEBECHBIX OTXOJIOB
MPUMEHEHBI CIIeTyIOIUe TUITBI TPUOOPOB:

e mka¢ cymmiabHb - SNOL 67/350,

e neub MydensHas - SNOL 8,2/1100,

e Bechl jJaboparopusie - Caprorocm CE
4202,

e xajmopumerpuueckas cucrema - PARR
1266,

e jaboparopHas menbHuna - RT Precision
Technology RT-NO4HK.

1.  Ompenenenue BIa)XHOCTH TOIUIMBA.

Brna)xHOCTh KOPOIPEBECHBIX OTXOAOB OIpe-
nenena B coorserctBun ¢ [OCT P 54186-2010M
CYUIMJIbHO-BECOBBIM METO/IOM, IpU KOTOPOM
BJIAKHOCTB ILENbl U3MEPSETCs] KOCBEHHBIM Me-
TOZOM, ITyT€M B3BEIIMBAHUS OTOOPKH BIAXKHOTO
TOILIMBA, BBHICYIIMBAHUS €€ 0 CYXOT'0 COCTOSHUS
U B3BELIMBAHMS TOIUIUBA B CYXOM COCTOSIHUH.
BrnaxxHocTh mpu JaHHOM cHocobe HaxOTUTCS
KaK pa3HOCTb MEXIy Maccoi BJIa)KHOTO U CyXO-
IO TOIIUBA.

W3mepenuss mpooxwimuck | (oauH) pa3 B
CYTKM B TeueHue 60 KaJleHIapHbIX AHEW (MapT
2020r., anpens 2020r.) Mo CIEAYIOUIMM BUAAM
TOILIMBA!

e  ONWI, CTPYXKa, IIena U3 JPEBECHHBI
XBOMHBIX TIOPOJ,

e  KOpa eyoBas,

KOpa COCHOBas,

I1e1a OCUHOBAS,

nierna Gepe3oBasi.

. Ot6op npod.

OT100p 1 MoOAroTOBKa MPOO /IS ONpeesIeHUs
o6meit Baaru nposener mo F'OCT 33563-2015
u ['OCT 33255-2015 B, TIpo6Obl 10CTaBISINCH B
naboparoputo TOLI B repMeTH4HO BOJIO- U BO3-
JYXOHETIPOHUIIAeMOM Tape, Macca OTOOpaHHOMH
po0OsI - 1800 rp.

3. Ompenenenue TEIIOTBOPHOM cmoco0-
HOCTHU KOPOAPEBECHBIX OTX0A0B. I'paduku 3aBu-
CUMOCTH KaJIOPUHHOCTHU TOILIMBA OT €ro BIaXK-
HOCTH.

JlaGoparopHble HCCIEIOBaHUS IO ONpere-
JICHHUIO TEIUIOTBOPHOM CIOCOOHOCTH BBITOJIHE-
Hbl B coorBeTcTBUM ¢ ['OCT 33106-2014M Ha
kajopumerpe 6omooBoM «PARR 1266» B na-
6opatopun TOLl. B pesynprare oOpaboTku 3K-
CHEpUMEHTAJIbHBIX JaHHBIX OBUIM COCTABJICHBI
rpauKy 3aBUCUMOCTH YJIEIBbHOM TEIUIOTHI CTro-
paHus OT BJIAKHOCTHU Pa3IMYHOrO BUa TOIUIMBA,
UCTIOJIb3YEMOTO Ha MPEIPUATHH.

JlaHHbBIE MO TEIIOTBOPHOW CHOCOOHOCTH U
BJIAKHOCTH KOPOJPEBECHOTO TOIUIMBA 32 TIEPUOJ
01 mapra 2020r.- 30 anpens 2020r. npuBEEHHI B
tabmuue 2.1- 2.2.

['paduku 3aBUCUMOCTH TEIUIOTBOPHOW CIHO-
COOHOCTH OT BJIQXHOCTH KOPOAPEBECHOTO TOII-
JMBA MPUBEICHBI Ha puc. 1-5.

O e e o
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Puc. 5 «I'paduix 3aBUCUMOCTH yI€TTLHOM TETUIOTHI CTOPaHUS OIMHJIA, CTPY)KKH, IIETIl U3 JPEBECHUHBI
XBOMHBIX MTOPOJT OT BIAKHOCTH

Oo61mectBoM B TeyeHue 2019 roga exxeHeBHO
MIPOM3BOIMJIICS aHAJIN3 BIAKHOCTH 1O KaXXJIOMY
OTJICJILHOMY BHJIy TOILIMBA. YCPEIHUB JaHHBIC
Y UCIIOJIb3YS TOJYYCHHYI0 3aBUCHMOCTh TETLIO-

Tabnuya 3. PacueT 3HEpTUU UCIIOIH30BAaHHOTO B IPOM3BO/ICTBE TOILIIMBA

TBOPHOM CIIOCOOHOCTH TOIUIMBA OT BJIAYKHOCTH,
MIPOM3BEJICH PAaCcUYEeT MCIOIb30BAHHOTO KOJUYEC-
TBa DHEPTUU TOIUIMBA B MPOM3BOJACTBE. Pe3yib-
TaThl CBE/ICHBI B TAOIHITY 3:

No O6ben Cpenuss Cpenuss
' HaumenoBanue ’ Macca, T BJIQXKHOCTb, KaJlOpUHHOCTbD, HUTOI'O, I'kan

n/n IUL.KYO.M. o

% KKaJI/Kr

OTIHJI, CTPY>KKa, IIerna
1 13 APEBECUHBI XBOU- 63 066.6 504533 50.3 1934 97 576.6
HBIX TIOPO/T

2 Kopa eJoBast 39301.5 314412 61.3 1580 49 677.1
3 Kopa COCHOBast 6 005.1 4804.1 59.7 1 628 7 821.0
4 1era OCUHOBAs 20 594.0 16 475.2 46.4 1 889 31 121.7
5 merra 6epe3oBast 5484.2 4387.4 45.1 1984 8704.5
6 BCET'O 134 451.4 107 561.1 194 901.0

B cBsa3uM ¢ TeM, 4TO NMpHEeMKa TOIIHWBA
NPOM3BOAUTCSA OO0BEeMHBIM MeToAoM (0e3
BECOBBIX 3aMepoB), JJs pacueTa MaccChl

TOIIJIMBA HCIIOJb3YyCTCH Ta6J'II/II_[a 3aBUCH-
MOCTHU IINIOTHOCTHU APCBCCHHBLI OT BJIAXHOC-
TH.
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Tabnuya 4. 3aBUCUMOCTD IJIOTHOCTHU JAPEBECHHBI OT BIAKHOCTH, KI/TIJI.KY0.M

[IpoueHT BnaxxnoctH, %
No Tlopona nepesa
15 20 25 30 40 50 60 70 80 100
1 Enn 00bIKHOBEHHAS 450 460 470 490 520 560 600 640 670 750
2 Cocua obsikHOBeHHas | 510 520 540 550 590 640 680 720 760 850
3 bepesa 640 650 670 680 730 790 840 890 940 1050
4 Ocuna 500 510 530 540 580 620 660 710 750 830

3arpatel Ha ToruBO 3a 2019 rom cocrtaBu-
nu 54 858,2 tIC. pyO., CpemHAs IIeHa 3a TI0T-
HbIM KyOmueckuii metp coctaBuia 408,0 py6./
wi1.ky0.M. Mcnonb3yss panHele Tabnuusl 3, mo-
aydeHa cpefHsad ueHa 1 'kan sHepruum mocras-
nenHoro torunBa 388,7 py6./I'kan. (334,2 py0./
MBrTtu).

JlocTaTo4HO MHTEpeceH TOT (PakT, YTO Ccpe-
HeeBporielickasg 1eHa npuodperenus 1 MBtu
JPEBECHOTO ToIuIMBa cocTaBisier 20 eBpo, 4To
OOBSCHSETCS] BBICOKOW CTOMMOCTBIO Ha49aJIbHOTO
CBIPbsI, 3HAYUTEITbHBIMH JIOTUCTHYECKUMHU 3aTpa-
TaMH.

Hcxona u3 mpoBEAECHHBIX UCCIECIOBAHUM BBI-
BEJICH CIICAYIOIINI aJrOPUTM pacueTa CTOUMOC-
TH TOTLINBA:

1. Ilpum nmocrymjieHuM TOIUIMBA Ha CKJaj
MIPOM3BOAMUTCS MIPUEMKA 10 OOBEMHBIM XapaKTe-
pUCTHUKAM TPaHCIIOPTA.

2. Tlocne moaHOM BBITPY3KH MAPTHH TOTLIH-
Ba MPOMCXOAUT B3SITHE MPOOBI HE MEHEEe YeM B
Tpex TOYKax, Mpoba MOAMHUCHIBACTCS W HaIpaB-
JIIETCS HA OTpeIeNIeHNEe BIaKHOCTH.

3. B maboparopun TOIIl onpenensercs
BIIQYKHOCTH KaXKJI0M MapTUU TOTUIMBA, 0 rpadu-
KaM 3aBHCHUMOCTH TEIJIOTBOPHOM CIIOCOOHOCTH
OT  BIAQXHOCTH OIPEACISICTCS KaJlOPUMHOCTD
TOTUIUBA.

Bubnuorpadus

4. IlpousBoguTcsi pacyeT CTOMMOCTH IOC-
TaBKU MapTUH TOIUIMBA 1O (popmyie:

S=Vxpxgxcx0 ™

rae

S — cTOMMOCTB MapTUH TOILINBA, PYO.;

V — 00beM mapTuu TOILIMBA, T1.KY0.M.;

P — IJIOTHOCTH MTOCTABJICHHOTO BU/Ia TOILINBA,
TOHH/TUL.KYO.M.;

q — HU3MIIas TEIJIOTBOPHAs CIOCOOHOCTD,
KKaJI/KT;

¢ —ueHa 1 I'kan sHepruu Tominaa.

JlaHHBIN aJIrOpuTM pacyeTa CTOUMOCTH TOI-
JIUBA MO3BOJIET OCYIIECTBUTH MPUEMKY TOILTUBA
B DHEPreTUYECKUX IMOKa3aTeisix, a He B 00beM-
HbeIX. Hanmpumep, oauHakoBbIii 00beM omuia c
Pa3HOil BIaXXHOCTHIO OyIET UMETh Pa3HyIO CTOU-
MOCTb, YTO CTUMYJIUPYET [MOCTABUIMKOB TOILIMBA
COXPaHATh BHICOKOE Ka4e€CTBO TOIUIMBA, YTO, HE-
COMHEHHO, MOJIOKUTEIBHO BIUSAET HA TEXHOJIO-
TUYECKHI Mpoliecc ropeHusl TOIIMBA B KOTIIAX.

JIn1s1 TIOBBIILIEHNST TOYHOCTH PACUETOB HEOOXO-
MO YBEJIMYUTh OOBEM IMPOBEICHHBIX aHAM30B.
[Ipuemka TorumBa BECOBBIM KOHTPOJIEM C aBTOMa-
TUYECKUM OTOOPOM MpOO MO3BOJIUT CHU3UTH Pa3-
HOIVIACHsI MEXK/1y MOCTABIIUKOM M TOTpeOUTEIEM.
JlaHHbIE CHCTEMBI yXe pa3paboTaHbl U HAXOAATCS
B DKCIUTyaTallul B €BPOIEHCKUX CTpaHax, Harpu-
Mep, cuctemMa GUHCKOM kommanuu «Prometecy.

1. TOCT P 54186-2010 buorormBo tBepaoe. OnpeneieHne coaepKanus BIaru BeICyIIMBaHUEM. YacTh

1. O6mas Biara. CtaHAapTHBINA METO/I.

2. TOCT 33563-2015 buoromnuo TBepaoe. OTdop mpoo.

3. T'OCT 33255-2015 buoronnuso TBepaoe. Metos! noarorosku npod (Ilepensnanue).

4. TOCT 33106-2014 buoromnuo TBepaoe. Onpeenenre TEIIOTH CropaHusl.

5. Bopooses JL.U., I'pumenko T.I'., [Jexyma JI.B. boMOoBbIe KamopuMeTpsl IJisi ONpPEICIeHUsT TETI0ThI
cropanus Torumsa // Urxk.-pus. xxypH. 1997. T. 70, Ne 5.

6. 10.B. Makcumyk, [I.A. [Tonomapes, B.H. Kypcesuu, B.B. ®ecpko. Temnora cropanus ApeBeCcHOTO TOI-

nuBa // JlecHoi xypH. 2017r., Ne4,

7.  Makcumyk F0.B., ®ecwko B.B., Bacapenko U.B., lyooBuk B.I. MeTponorudyeckoe obecrnedeHmue u3me-
PEHHH TETUIOTHI CrOpaHMs TBEPABIX M KHUIKUX TOTUUB // [TpnOopsl u Metoap! m3mepenuit. 2014. Ne 2(9).



40 BECTI HAYIHBIX AOCTIKEHMIL.

8. Tonoekor C.U., Koniepun U.®., Haitnenos B.U. // DHepreTnyeckoe NCIOIb30BAHUE JIPEBECHBIX OTXO-
noB. M.: JlecH. mpom-cTh, 1987.

References (transliterated)

1.  GOST R 54186-2010 Biotoplivo tverdoe. Opredelenie soderzhaniya vlagi vysushivaniem. Chast’ 1.
Obshchaya vlaga. Standartnyj metod.

2. GOST 33563-2015 Biotoplivo tverdoe. Otbor prob.

3. GOST 33255-2015 Biotoplivo tverdoe. Metody podgotovki prob (Pereizdanie).

4. GOST 33106-2014 Biotoplivo tverdoe. Opredelenie teploty sgoraniya.

5. Vorob’ev L.I., Grishchenko T.G., Dekusha L.V. Bombovye kalorimetry dlya opredeleniya teploty sgora-
niya topliva // Inzh.-fiz. zhurn. 1997. T. 70, Ne 5.

6. Yu.V. Maksimuk, D.A. Ponomarev, V.N. Kursevich, V.V. Fes’ko. Teplota sgoraniya drevesnogo topliva
/I Lesnoj zhurn. 2017g., Ne4.

7. Maksimuk Yu.V., Fes’ko V.V., Vasarenko 1.V., Dubovik V.G. Metrologicheskoe obespechenie izmerenij
teploty sgoraniya tverdyh i zhidkih topliv // Pribory i metody izmerenij. 2014. Ne 2(9).

8.  Golovkov S.I., Koperin LF., Najdenov V.I. // Energeticheskoe ispol’zovanie drevesnyh othodov. M.:
Lesn. prom-st’, 1987.

© [ A. Iasnuxos, M.C. Huwun, 2020

Ccbuika Ha ctarbio: [laBmukoB [I.A., lllumua M.C. - CriocoObl TOBBIIIIEHUS] SHEPIrOEMKOCTH KOPOJpE-
BECHBIX OTXOJIOB C yYETOM 3aBHCHMOCTH TEIUIOTHI CTOPAHUS OT BIXHOCTH // BecTn HaydHBIX TOCTHIKECHHH.
EcrectBennsie u Texunyeckue Hayku — 2020. - Nel. — C. 30-40. DOI: 10.36616/2687-1335-2020-1-30-40 URL.:
https://www.vestind.ru/journals/architecture/releases/2020-1/articles? View&page=30



FCTECTBEHHBIE M TEXHUHECKHUE HAYKI. N 1.2020 T

41

VK 621.314.015

JHara mampasnenuns B pegakuuio: 05-04-2020
MHara penersuposanust: 06-04-2020

Hara my6mukarun: 20-06-2020

Iuxamuesa Caanar Slmap

Asepbatioscanckuti I'ocydapcmeennviii Ynueepcumem
Hegmu u Ipomviunennocmu

2. baxy, Azepbaiioocan

saadaasmar@mail.ru

Shikhaliyeva Saadat Yashar
Azerbaijan State University

of Oil and the Industry

Baku, Azerbaijan
saadaasmar@mail.ru

OBYXPOTOPHbIN ACUHXPOHHbIN 3JIEKTPOMOTOP C
PEIYJIMPOBAHUEM YACTOTbI BPALLEHWNA

TWO-ROTOR ASYNCHRONOUS ELECTRIC MOTOR WITH SPEED

CONTROL

Annomayusn (na pyc). B cmamve npusedena ungpopmayus o peeyruposanuu 08yXpomopHOU ACUHXPOHHOU MAULUHDL,
npuHyuUnax ee pabomol U KOHCMPYKMUGHbIX 0COOeHHOCmAX. BKkpamye npoananuszuposarsl npobiemsl, Cé53aHHble ¢ memne-
pamypotul Hazpeea, OXAaNCOeHUeM U KPYMAWUM MOMEHMOM MAWUHbL. [JeMOHCMPUPOSaHsl HEKOMOpPble NPEUMYWecmed no
CPABHEHUIO ¢ OPYSUMU MAWUHAMU C YACHONHBIM Pe2YIUPOBAHUEM 6PAUYeHUSL.

Abstract (in Eng). In this article it is provided the information about the regulating of a two rotor asynchronous ma-
chine, its operating principles and constructive features. The heating temperature, cooling and torque problems of the
machine are briefly analyzed. Some advantages over the other rotation frequency regulated machines are demonstrated.

Knrwouegvie crnosa: 4actora BpalleHUsl, peTyIMpOBaHNUE, padOUN pOTOpP, AKTHBHOE CONPOTHUBIIEHHE, POTOP KOPOTKOTO

3aMBbIKaHUA, U30JIAIHUA KaHABOK, CKOJIBXKCHUC.

Keywords: rotation frequency, regulating, working rotor, active resistance, short-circuit rotor, groove insulation, sliding.

INTRODUCTION

With progression of the electrical machines it
becomes hard to achieve economy of materials in
given level of the energetic characteristics. The
improvement of the electro technical character-
istics of steel, increasing of the filling coefficient
of the groove with copper, increasing the heat
resistance of the insulation and rational choice
of the active parts geometry have already been
exhausted. In these conditions the cooling inten-
sity demand is increasing. It is mainly related to
the machine P44 with parametrical regulation of
the rotation frequency where at low rotation fre-
quency the amount of energy losses is increasing
several times.

With the increasing of the regulation range (on
machines with the with regulating the rotation fre-
quency), the volume of the cooling air rapidly de-
creasing due to the reducing ventilation efficiency.
These factors require to reduce the torque of the
machines shafts which leads to increasing of the
specific weight of the used materials. If engineer-
ing the ventilation for the low rotation frequency,
then at further increasing regulation range it will

have very low cooling efficiency at low rotation
frequency.

When producing the motors with this aim it
should solve the problems of matching electro-
magnetic parameters with controlling devices par-
ameters such as voltage stability of transducer and
allowed limits of overload; regulating range; the
choice of the engine capacity; defining additional
loading; additional losses and torque and est. [1].
With other output parameters it should be provided
acceptable torque and adequately acceptable heat-
ing temperature.

FORMULATION OF THE PROBLEMS

This article provides analytical study of the
regulating asynchronous motors, acalculation ofthe
allowable torque with the heating condition, some
information about the construction of the engine
capable regulation of the rotation frequency in
wide range and the analyzes of the heating process
by the taking on account the temperature limits.

For the achieving solution of the mentioned
problems it is suggested the following machine
- the asynchronous motor enclosed type with
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parametric regulation of the rotation frequency.
The motor is comprising enclosure, stator,
main and additional rotors, ventilator installed
on the additional rotor (be noted that the main
and additional rotors positioned coaxially). The
additional rotor is simple short-circuited rotor
designed for the ventilation system with magnetic
conductor from the steel plates and the winding
from the casted aluminum. The working rotor
also is made from the electro technical steel plates
with the winding from the casted copper with the
different short-circuited rings - from the side of
the additional rotor the rings is from copper, from
the opposite side the rings from the highly resistant
metal.

For increasing the technical -economical
parameters with keeping the large capacity of
the torque at low rotation frequency i.e. for the
increasing rage of the rotor frequency regulation it
suggested the engine with design described in this
article.

The design of the engine comprises the
coaxially positioned working and additional
rotors with the common stator of the ordinary
asynchronous engine (Figure 1).

1 2 3 4

5 5

Figure 1. The motor construction scheme
1-stator ; 2- working rotor; 3- additional rotor;
4- shaft; 5- short circuit ring

The torque created by working rotor depends
from the rotor frequency, parameters of the
ventilator, from the number of the coils of the
stator winding and the load current of the motor
stator. All mentioned parameters and values
needs be adapted in such way that in every mode
of the motor running the actual frequency of
the working rotor to be maximum close to its
required frequency [2].

The working and additional rotors are rotating
differently. There is bonding bearing between the
working and the additional rotors. The additional

rotor fixed with the bearing box and the bearing
built into cover of the external venting fan.
The additional rotor like the rotor of ordinary
asynchronous machines designed in such way
that change of the voltage on the stator winding
does not affect significantly rotor frequency, it
rotates the fan of internal circulation and external
ventilation blowing fan which has normal cooling
even at low rotation frequency of the working
rotor.

SOLUTION OF THE PROBLEMS

In asynchronous machine P44 type almost all
loses Y AP transmitting to atmosphere through
the motor frame. The temperature on the surface
of the frame is defining by these loses [3]:

2ZAP
Hf = (1)
‘ Scoulaf

S - the surface of the cooling frame; 6f -
coefficient of the frame surface heat transferring;
0 - temperature of the frame surface.

The total losses in the machine AP consist
of electrical losses in the winding of stator
AP, and rotor AP, . During regulation, due to
significant increasing of electrical losses, the
losses in the steel of stator can be ignored (when
induction reduces they are decreasing abruptly)
and mechanical losses can be ignored (except the
ventilation losses).

With counting additional losses, the total
losses in the machine:
2AP =AP + AP, +AP,,+ AP

swr

+AP,;; + AP,
2)

Where AP, - the electrical losses in the
winding of the stator; AP, - the electrical losses
in the working rotor; AP, - electrical losses in
the additional rotor; AP, - losses in the steel of
working rotor; AP - total additional losses in
the machine; AP, - ventilation losses.

For evaluation of the heat mode of the motor
the equation (2) can be written the following
way:

2ZAP = AP, + AP, + AP, (3)

Here
ZAP, =AP, +AP,,, - electrical and magnetic
losses working rotor;

SAP, =AP,, + AP, - electrical losses of the
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additional rotor in ventilation.
The losses in the rotors due to defined value
of the torques (M , M) and range of regulation.

AP = Mw ) Smax.w ) ww (4)
AP = MA ) Smax.A .wA (5)
where § . S . — the maximum sliding of

the working and additional rotors relevantly; w,,
w, the angle frequency of rotating rotors; M,
M, torques of the rotor shafts.

Usually the temperature mode of the motor
is limited by the allowable temperature of the
stator winding, depending from the applied
insulation heat-resistance class. For the normal
asynchronous motors in practice the temperature
mode is defined by heating the surface of the
frame 6. Its value for the normal motor does not
exceed 40+50°C.

Heating of the stator winding is

0

win

=0f+¢95+9i (6)

Where the 0,— the temperature on the
surface of motor frame (1), g — the drop of the

temperature in the steel; 6,— the drop of the
temperature in the insulation.

In some cases, during the heat calculation,
drop of the temperature in the stator steel can
be ignored, but during precise calculation then
needs to calculate it as well, because there are
cases when that drop reaches the value 10 - 15°C;
drop of the temperature in insulation is usually
within 20 - 30°C.

Based on these analyses for the insulation with
the heating resistance class - F at 6, =100°C
we will have 0, =35-60°C , but for the
insulation with resistance class - F at

6,,=75°C, 0,=30-40°C [3].

win

Conducting experimental research on the
motors enclosed types with the height of the
rotation axis 132 and 160 mm showed that they
have 6§, =65"-75°C.

The torque is equal:

M= 7

We are multiplying and dividing the torque
by YAP

— Af)Z‘S’coolafef _ (8)
Q,(AR +AP, +AF,,)

Scoolafef
- Q.S,., . (1+AP /AP, +AP,,)

If AP ,, isignored then

Scoolafef

M= oS (+aR/AR) &)

The formula (9) shows that with defined

;58S 0015058 s DY changing the ratio of loss
between stator and rotor it is possible to signifi-
cantly increase allowable value of load torque.

On the ordinary motors for achieving high ef-
ficiency it is taken AP,~ AP,, sometimes AP, >
AP, in case of the regulating motors the value of
efficiency does not defining factor, that is why it
is possible and needs to change this ratio so that
AP /AP,<1.

Obtained formula (9) allows to calculate the
torque with acceptable heat on parametrical
regulating asynchronous motors enclosed types.
When AP,/ AP,< 1 then it needs to greatly de-
crease the torque on motor shaft which decreases
the techno-economical indications. Part of the
losses AP, gets through the air gap into the sta-
tor pack and heating the winding insulation: for
the normalizing the heat mode it is necessary to
decrease the torque on the shaft.

In the studied model the heating process pro-
ceeds other way; for reducing the impact of the
rotor temperature to the heat mode of stator it
was created cooling channels, through which the
cooling air flow through the internal cavities of
the working and additional rotors gives advan-
tage to reduce significantly the impact of the ro-
tor temperature to the stator winding. Just the
acceptable insulation temperature of the stator
winding is the main barrier which regulates the
torque on the motor shaft.

Let study the heat flow of the accepted motor
construction (it is considered that the heat flow
gets through the steel of the stator pack).

All types of the losses included in the equation
(2) becomes heat flow directed to the frame side
where it is dissipating to atmosphere. On the pic-

cool >
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ture 2 it is shown the heat flow pass. As the stator
of the motor with parametric regulated motor is
the element of the normal asynchronous engine
the winding of the stator is overloading by heat
flow which comes into the stator pack through
the air gap increasing the winding temperature
defined by the equation (6). Due to the small
gap between stator and rotor packs the stator ex-
poses to the considerable heat O . . . (Figure
2a). Herewith the main portion of the rotor heat
flow passes to stator pack through the air gap,
not significant portion - into the internal void
0., ... which are transferring through the bearings
to frame, pass of this flow becomes difficult due
to emitting of heat in the bearings.

Heat flow O, . is heating the winding wires
and insulation as well as the stator iron. Eventu-
ally, the flows O, O, and Q,becomes the main
heat load for the insulation of the stator winding.

To avoid this, it is necessary to reduce the
torque on the shaft of the machine that leads to
increasing the overall dimensions and material
consumption. Also, the range of the regulation is
decreasing at the defined torque.

In studied model some modifications (ventila-
tion channels in both rotors, rotor winding from
copper, magnetic conductor from the electro-
technical iron) change the heat flows spreading
(Figure 2b) which significantly improves work-
ing regime.

] o) o 3 0 . 0s J 5 to atmosohers
f f f
szirmi’.',l‘;ow
2 —— Cincor
aj
) o » 3 0: .l 0s o 5 to atmosohere
|Q.'e il air flow
2
Qm.ﬂinai'fm'
b)

Figure 2. The heat scheme of ordinary serial asynchronous motor and the developed construction:
a - ordinary motor; b - the motor with two coaxially located rotors and internal ventilation channels;
1 - Stator winding; 2 - working and additional rotor, 3 - slot insulation; 4 - stator core (stator iron),

5- iron-frame

First, creation of the ways for the heat flows
through the internal cavities coaxial located
rotors significantly reduces the temperature,
which restrain transfer of the heat power through
the air gap to the stator. Second, in the ordinary
motor (Figure 2a) the large portion of the heat
was passing into the stator. In the developed
model (Figure 2b) the large portion of the heat is
passing into the iron-frame through the ventilation
channels in the rotors cavities, the small part of
the heat is passing through the stator pack, all of
this increasing the range of the regulation.

Heating of all elements of this design is
associated with power losses in the machine [3].

We can consider the followings: the volume of
energy consumption for cooling is mechanical
energy. The energy losses due to the movement
of the cooling volume in the channels are divided
into circulation losses and friction losses on
rotating surfaces. The friction loss (in kilowatts)
from the rotation of cylindrical surfaces is
determined by the following equation:

300

Where in D - the diameters of the working and
auxiliary rotors, L - the lengths of two rotors in

3
n
AP, =3 3(—) -D*-L (10)
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sum, meter; n - rotational speed, rev./min.

The losses due to the rotation of the lateral
sides of the rotors are calculated with the
following equation:

APi = 2C’ £ n2 .RS
2 0,88

Where R is the outer diameter of the rotors,
c - air density, C is the coefficient of the moment
of resistance, which is calculated depending
on the driving mode, volume and geometrical
dimensions of the machine.

If the engine being designed has a speed
regulation in a wide range, then in this case
the chosen ventilation system must fully meet
the regime requirements. This means that with
decreasing speed below the highest frequency
ventilation system should be active. Incommercial
asynchronous motors, when the rotational speed
drops below asynchronous speed, the activity
of the ventilation system decreases sharply.
This is due to air supply is strongly dependent
on the rotational speed. For this reason, as the
speed decreases, the temperature increases and
the load on the shaft must be reduced, otherwise
the temperature of the winding insulation will
be higher than the permissible value, which will
lead to engine failure. This means that the engine
utilization rate will decrease.

In the design of the engine, this question
is advantageous for economic reasons.
The placement of an additional rotor in the
stator zone greatly facilitates this issue; the
rotational speed is regulated with adjusting
of voltage applied to the stator winding. An
additional rotor connected to both fans, even
at low voltages, rotates at an asynchronous
speed. Therefore, regardless of the main
rotor speed ventilation system provides the
required cooling medium with the cooled air

1071 (11)

References

volume. This means that even at low speeds
the electrical machine is used at a high level.
Economic efficiency in this case decreases,
therefore in a certain expenditure time capital
and operating costs are taken into account.

CONCLUSION
The conducted analytical studies of
asynchronous  motors  with  parametrical

regulating of current showed the following:

1. By removing the active resistance from the
working rotor mass and leaving it in electrical
scheme gives the opportunity to greatly decrease
the heat flow getting through the stator winding
insulation.

2. The studied design for the asynchronous
motor with regulating rotation frequency gives
opportunity to increase power and regulation
range , decreases the consumption materials in
compare with the ordinary motors.

3. Creation of construction scheme of the heat
flow gives opportunity to propose (imagine) the
heat processes in asynchronous two rotors motors
with parametrical regulation

4. The gained data from the study allows to
define the approximate dependency between
torque on the main shaft and the range of the
regulation. Defining the volume of the losses in
the rotors and passing some volume of the heat
flow in stator requires the precise calculation on
base of methods and laws of the heat transferring.

5. The developed construction of asynchronous
motor allows to regulate the frequency of the
working roto in wide range by change of the
voltage on the stator winding.

6. The additional rotor maintain heat regime
especially at low frequency of working rotor.
When the voltage decreases the frequency of the
cooling fan does not changes, the cooling process
normally continues.
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KOCMUYECKAA SHEPTETUKA
SPACE-BASED SOLAR POWER

Annomauusn (na pyc). Konyenyus eenepayuu conneunoll suepeuu 8 Kocmoce 01 OecnposooHol nepedadi Ha npuem-
Huku k 3emne u MKC obcyscoanucy 00801bHO 007120 8 mederue nocieOHux mpex oecamuiemuti. M3-3a mexHonocuueckot
u 9KoHOMUUecKol Heocyujecmeumocmu navana 1980 2o0os, npoexm cman nocmenenno ceéopauueamocs. Ho ¢ pazeumuem
HemMpAaOUYUOHHBIX U 60300HOBNIAEMBIX UCHOYHUKOS DIHEP2UL, PE3KO20 CKA4KA HA nompebaeHue J1eKmpoIHepeUul, d maxice
PoCma KOCMU4ecko20 mypusma 0annas KOHyenyus Cmaia npuodpemams ece 6ovuie 0080008 8 NOIb3Y PEANUZAYUL MAKUX
NPOeKmog uepes HeCKONbKO OeCAMKOs Jem.

Abstract (in Eng). The concept of generating solar energy in space for wireless transmission to receivers to the earth
and the ISS has been discussed for quite some time over the past three decades. Due to the technological and economic
impracticability of the early 1980s, the project began to be phased out. But with the development of non-traditional and
renewable energy sources, a sharp jump in electricity consumption, as well as the growth of space tourism, this concept

began to acquire more and more arguments in favor of implementing such projects after several decades.

Knroueswie cnosa: conneunas JHepeemuKda, Kocmoc, nepe()aqa JJIEKMPOSHEPUU.

Keywords: solar energy, space, electricity transmission.

ConHeuHass KOCMUYECKasi SHEPreTUKa - BH]I
aJIbTEPHATUBHOM 3HEPTeTUKHU, IpeycMaTpuBa-
ol ucrionb3oBanue sHeprun ConHua, uis
BbIPAOOTKH 3JIEKTPOIHEPTUH, C PACIOIOKEHUEM
SHEPreTUYECKON CTaHLIMM Ha T'€0CTAlMOHAPHON
opOute 3emitn.

Kocmuueckue cosiHeuHble 3JIEKTPOCTaHIMU
(SPS) - 310 KpynHBIE KOCMUUYECKHE CTPYKTYPHI,
KOTOpBIE IPE0Opa3yloT COJHEYHYIO SHEPrulo,
YJaBIMBAEMYIO COJTHEUHBIM U3Iy4eHHEM, B Qop-
My D3HEpPruu, Iie Mnepeaaercs OecHpOBOIHBIM
croco0oM Ha JH0yI0 yIaJIeHHYIO NMPUEMHYIO
CTaHIMIO. DTOT NPUEMHUK MOXKET HaXOAUTHCS

anbo Ha 3emuie, JIMOO HA BBICOTHOM IU1aTdopme
(camorere), Ha JAPYyroM KOCMHUYECKOM Kopalie
WIN JJaXe Ha MOBEPXHOCTH JIyHBI WM IpyTux
rianerax. llepBoHauanbHasi uaes BO3HMKIA B
1970-x romax 4emICKO-aMEpUKAHCKUM HH)KEHe-
pom nokropom IIutepom [neitzepom, u ¢ Tex nmop
ObUIM TPOBEJCHBI PA3IUYHBIE HCCIIEIOBAHUS.
OTH uccae10BaHus IPUBEIIU K OOJIbIIOMY pa3HO-
00pa3uio KOHIEMNIHA, B KOTOPBIX UCHOIb3YIOTCS
pa3nu4Hble GOPMBI TPUHIIMIIOB TPOW3BOACTBA,
peoOpa3oBaHus U Mepeayu SHEPTUU.

Cxema TeXHOJIOTHH.

Cucrema mpenmnoyaraeT HajJu4ue anmnapara-
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M3NyyaTelns, HaXOJSAIIeTOocs Ha TeOoCTalMOHap-
Hoit opOuTe. [Ipenmnonaraercst mpeoOpa3OBHIBATH
COJTHEUHYIO SHEPTHUIO B PopMYy, YIOOHYIO IS Tie-
penaun (CBY, nazepHoe muznyueHue), U mnepena-
BaTh HA MOBEPXHOCTh B «KOHIIEHTPHUPOBAHHOM
BUJe. B 3TOM cilyyae Ha MOBEPXHOCTH HEOOXO-
IUMO HalM4Hhe «MPUEMHHUKAY, BOCIPUHUMALO-
IIETO ATy YHEPTHIO.

Kocmuueckuit ciyTHUK 110 cOOpY CONTHEUHOM
SHEPTHUH MO CYHIECTBY COCTOUT U3 TPEX YACTE:

1) cpenctBa cOopa CONHEYHOW IHEPIHH B
KOCMHYECKOM IMPOCTPAHCTBE, HAMPUMED, depes
COJTHEUHBIE Oarapeu;

2) cpencTBa mepeaayd YHEPTHH Ha 3EMIIIO,
Hanpumep, depe3 CBU-usznydeHue wiu nasep-
HBIE armnaparsl;

[IpenmymiecTBa nepeaavn Ja3epHOro JIyda.

He memaer TB, paauno, Wi-Fi, cotoBomy Te-
nedoHy U APYTUM KOMMYHHUKAIIMOHHBIM CHTHA-
Jam.

Tpebyercs MeHbllee Mepenaroniee U MpH-
HUMaroliee 000pyJIOBaHUE, IO CPABHEHUIO C
MUKpPOBOJTHOBOM Tepenadeil (Hampumep, UIst
yCTaHOBKM MoIIMHOCTRI0O | I'BT motpebyercs
nepearomias OnTUKa AUaMeTpOM OKOJIO OTHOTO
MeTpa ¥ Ha3eMHbIH MPUEMHHUK IIUPUHON B He-
CKOJIBKO COTE€H METPOB).

Henocrarku nepenayuu Jia3epHOTo ayyva.

Crpamaer or arMoc(epHBIX MOTEPh H3-3a
(akTOpOB OKpYXKalolel Cpeapl, TaKkuX Kak,
JOXKIb U 00NaKa, W, CIelI0BaTeIbHO, HE MOXKET
00eCIednTh HEMPEPHIBHYIO MOIIIHOCTh

Nmeer Huskyto s3¢dextuBHOCTD mpeodpaszo-
BaHUSI.

Moxetr moTpeboBaThCSI OTPOMHBIE CHCTEMBI
XpaHEHUs! aKKyMYJISITOPOB Ha 3eMJIe.

Hecer B cebe puck mpruunHEHUs Bpeaa KOxe 1
71a3y, €CJIM C HUM TIIOXO CIIPABUTHCS.

[Ipenmy1iecTBa MUKPOBOIHOBOM OECIIPOBOI-
HOM mepenadu YHePTrHH.

[IpenmyImiecTBa OT BBHICOKOPA3BUTONH MHKPO-
BOJIHOBOM TEXHOJIOTHH, CIOCOOHOW TOCTHTraTh
addexktuBHOCTH 10 85%.

Hocturaet Gonee HU3KOro aTMochepHOoro oc-
nabneHus.

Henocratku MUKpOBOIHOBOW O€CIPOBOIHOM
nepenadyn YHEPrHH.

Tpebyetcs ympaBieHue noTepeit YSHepruu npu
peoOpa3oBaHUU TOCTOSTHHOTO TOKa B MHKPO-
BOJTHBI.

Mo:xeT BBI3bIBaTh PaIMOYACTOTHBIC TOMEXH.

Tpebyercs Gonbliioe mepenaroniee U mprueM-
Hoe 000pyIOBaHuUE.

Kaxiplii u3 1ByX MeTOZI0B O€CIIPOBOIHOM I1e-
pelayu SHEpruM, Ha OCHOBE MMKPOBOJIHOBOIO
U JIA3epPHOTO W3IY4YEHUs, UMEET CBOM INpPEHMY-
IIecTBa M HeoCTaTKu. B momeiTke pazpaboraTh
ONTUMAJIbHYIO CHCTEMY, HEKOTOPBIMHU HCCIIE0-
BaTeJISIMH ObLT PaCCMOTPEH I'MOPHIHBIN MOAXOI.

B Taxoii cucreme nasep nepenasain Obl dHEp-
T'HIO OT COJTHEUHOM OaTtapen Ha 6a30BYIO CTAHIIHIO
Ha opbOure (rarpopmy (GOTOINEKTPUUECKOI
Oarapen). bazoBas cranuus Oymer mpeobdpazo-
BBIBATh DHEPTHUIO OT Jla3zepa B JIEKTPUUECTBO, a
3aTeM B MMKPOBOJIHOBOE H3JIy4YEHHE, KOTOpOe
NepeaaeTcss Ha MPUEMHYI0 CTaHLUIO Ha 3emiie.
Takum oOpa3om, Ja3epHbIM Jyd HCIONIB3YeT-
Csl TaM, IJIe OH HE UCHBITHIBAET 3HAYMTEIHHOTO
ocnabnenust U3 arMocdepsl, a 3aTeM Mepeaada
U3MEHsIEeTCS Ha MUKPOBOJIHOBOE M3JIy4eHHE, KO-
TOPOE B rOPa310 MEHbIIEH CTEIIEHH MOBEPKEHO
aTMOC(EpHOMY OCIIA0ICHHIO.

3) cpexacTBa MOMYYEHHs PHEPTUU HA 3EMIIE,
Harpumep, Yyepe3 peKTeHHBI;

Kocmuueckuii anmapar OyeT HaXoAUThCsl Ha
reoCTallMOHapHON OpOHTe, TAKUM 00pa3oM, eMy
HE HY)XHO OyJIeT MoaAep)KuBaTh ceds MPOTHB
cuiibl TsKecTH. OH TakKe He HYXK/IaeTcCsl B 3alllu-
T€ OT HAa3eMHOTO BeTpa WM IOTofbl, HO OyneT
UMETH JIeJI0 ¢ KOCMUYECKUMH OMacHOCTSIMH, Ta-
KHMH KaK, MUKPOMETEOPHTHI U COJTHEUHbIE OypH.

AKTyaJlbHOCTb B HAIllU JIHU.

B cBa3u ¢ sHeprernueckuMm kpuzucom 1970
ronoB npasurenabctBo CIHIA BbIAETHIO MUIIIH-
OHBI J0JJIAPOB KOCMUYECKOMY areHTcTBy NASA
Ui pacuyéra 1esecooOpa3HOCTH JaHHOTO MpPo-
eKkTa. TeXHUKO-I)KOHOMUYECKHUI pacyeT MoKasal,
YTO JUIsl pealin3alliil KOCMHUYECKOW COJTHEYHOM
ANEKTpOCTaHIMU MoiHocThi0 5000 MeraBarr,
nociie nepefayd Ha 3eMJII0 DHEPruu U Tocie
BCEX MOTephb ocTaBanock 061 2000 MeraparT.

Ha 1975 roxg npumepHas CTOUMOCTb TaKOTO
MIPOEKTa OIEHHWBAJIOCh B TPHUIMOH JOJJIAPOB.
Cnycrst mout 50 5ieT, cO BpeMEHU TOSIBICHUS
UJIeU, COJIHEUHbIE OaTapey CUIIBHO yIali B LIEHEe
U YBEJTUYWINCH B NPOU3BOIUTENBHOCTH, a TPY-
3bl HAa OPOUTY CTaJIO TOCTABIATH JCLIEBIE, 1aH-
HBIA TPOEKT cTajl MpHOoOpeTaTh Bce OoJbIle U
OoibIIe TFOOONBITCTBA CPEeId a3POKOCMUYECKUX
arearcts CIIIA, Kutas u Slnoxnnu.

[IpenmyniecTBa CUCTEMBI.

1) OnHUM U3 OCHOBHBIX MPEUMYILECTB COJ-
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BECTY HAYIHBIX AOCTIKEHMIA.

HEYHOM AJIEKTPOCTAHIINH SBJISIETCS HEMPEPHIBHOE
MPOM3BOJICTBO NEKTPOdHEPruu. B ormnmume ot
JTHEBHOTO M HOYHOTO LIMKJIA COJTHEYHbIX Oarapeit
Ha 3emiie, COJTHEYHAsi AIEKTPOCTAHIMs Ha TIeo-
cTaroHapHoOi opoute (35786 kM Hajn 3emuieil)
OyzieT MocTosHHO OpueHTHpoBaThes Ha ColHIe,
1 o0ecreurBaTh MOCTOSHHBIIN BBIXOJ] BO BPEMEHHU.

2)  ConHe4yHOEe M3JIy4€HHUE 3a IpelesiaMu
arMocdepsl 3eMJIM 3HAYUTENbHO BBIIIE, YEM Ha
3emJie, BBUY 3ara30BaHHOCTH aTMOC(EpHI.

3) bBonpmuM NOpeuMyIIECTBOM  SBISETCS
OecripoBojiHAs Mepeada SHEPTUU B JH00YI0 TOY-
Ky TUTaHETHI. DTO YCTPAaHUT TPeOOBaHMSI KPYITHO-
MacIITaOHOM ANEKTPUYECKON CeTH U TO3BOJIUT
JUHAMUYECKH PacHpeiessTh IEKTPOIHEPTHIO B
peruoHax, rjae 3to Tpedyercs.

4) PoBHOE TEONOJUTHYECKOE HIPOBOE
1oJie, Ha KOTOPOM JHEPIHsl paBHOMEPHO COOU-
paeTcs W pacmupenesseTcs BCeMH Y4acTBYIO-
MU CTPaHAMH.

5) B kocMmoce HeT npobIEeMBI C BECOM WIIH
KOPpPO3UU METAJIJIOB M3-3a OTCYTCTBHUS aTMOC-
dbepsl.

Henocrarku cucremsl

1) OueBuaHO, YTO OAHOM M3 IIABHBIX IMPO-
O1eM U1 1F060T0 KOCMHYECKOTO CITyTHHUKA COJI-
HEYHOW HEPTUH SIBIISETCS] CTPOUTENHCTBO OO0JIb-
IIUX CTPYKTYp Ha opOute. Mano Toro, 4ro 3TO
TpeOyeT 3HAYMTEIbHBIX KOJIMYECTB MaTepHuala
JUIS 3aITycKa B KOCMOC, 3TH MaTepUabl JOJIKHbI
ObITH cOOpaHbl, MOIJAEPKAHBI M, BO3ZMOXHO, 3a-
MEHEHBI C TEYCHHEM BPEMEHH.

2) Bropoe ocnoxHEHHE CBA3aHO ¢ Oecrpo-
BOJHOHM TIepenayeil SHepruM Ha IMOBEPXHOCTb
3eMiH, KoTopas TpeOyeT mepeaadyn ¢ MOMOIIbIO
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