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Modern science of sintering is objectively based on fundamental work published by
Ya. I. Frenkel’, B. Ya Pines and G. Kuczynski in the mid forties of the previous century. They
analyzed problems of the growth of particle contacts and pore healing during sintering. B. Ya.
Pines published his pioneer paper “On (solid state) sintering” [1] in 1946 (fig. 1).

B.Ya.Pines

In this paper the problem of vacancy diffusion in the crystal lattice that reduces pore
volume during sintering was analyzed for the first time. G. Kuczynski later used this
mechanism in his classical paper investigating problems of self-diffusion as a sintering
mechanism of metal particles [2].

B. Ya. Pines stated:

“Let us analyze a body with linear dimensions L, representing a pressed powder with
homogenous grains with equal dimensions A, where A<<L. Atom positions are located in
pores of such a body close to grain contacts and their potential energy differs only slightly
(for AU) from the normal value in a crystal lattice of this material — Uj,. This characterizes a
relatively high probability W of atom jumps (when the body is heated) from grains into pore
space close to “contacts” with simultaneous formation of holes in the grain.”

Further:

“... This way pore “healing” close to contacts occurs...”

It is interesting that six months before B. Ya. Pines published his paper “On (solid
state) sintering”, Ya. . Frenkel published his paper ‘Viscous flow in crystal bodies” [3]. Ideas
on pore healing using a mechanism of “viscous” pore healing were presented in this paper.
Surface strain forces cause viscous flow of the crystalline body into the pore volume causing
pore healing (Fig. 1).
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0 CHEKAHHH (B TBEPAOi ©A3E)
B. A, Iunec

1. flsrenue ,cnexanua“ cmpecoBaHHbX NOPOMKOB NpPH HArpOBAHKA
COCTOHT B YMEHbIICHHH NOPHCTOCTH, COMNPOBOXAAEMOM ,ycazrol ('1'. e.
COKpallenAeM AHHeflHbIX PasMepoB), & Takxe NOBHIISHHOM MexamHuecKoh
HPOYHOCTH TeAd., JTO ABAGHHE HCHOAbL3YeTCA B TEXHOAOTHUECKHEX HpOpeccax,
BpAMEHAOMBIX B Kepammke (B 4ACTHOCTH, B NPOHSBOACTE® OTHEYNOPOB,
METAAAOKEDAMHKE H T, 4.).

Cneranue mMomer HTTE Kak ¢ ofpasomammen mmaxoft dasm Ea rpagmgax
seper % HEOJHOPOAHMX CHCT@MAX), TaR H 6e3 BCAKONO YYACTHA muAKOH
Gasnl. NocAeAHeM cAytuae, KOTOPHH TOABKO M pacCMAaTPHBASTCA HExe,
CIIEKAHHE OCYIIECTBARETCH ,AHQ(QYSHOHHHM® MyTEM, HO He CBOAUTCA K Mpo-
cToft pexpRCTAAAH3AUEH, RGO HauGOAGE CYUIECTBEHHYO POAb B BTOM ABACHHH
HIPAET YARAGHHE NOP H3 TeAa.

aK KaK M3 TBEPAOrO TEAa NOPblI HE MOTYT YASAATBCA B BHAE Marpo-
cxonuuecknx obpasosannit (Hanpumep, m0J06HO NySHIPhRAM ra3a H3 EHAKOCTH),
HCYO3HOBEHHE WX MPHA CHEKAHHMH AOARHO OCYIIECTBASTBCA C HOMOIIBIO MOAE«
Kyasproro mexanmsuma. [lomnitaemes yrazare sToT Mexamusm.
yeTb BBATO TEAD AmHeHEMX pasmepos nopsazxa L, NpeACTABARIOMED
coboft cnpeccoBaBHNME MOPOmMOR OAHOPOAHMX 36peH OJHHAKOBBIX AHHEHHBX
pasmepon A, npmeen 1 <€ L. B nopax Taxoro reaa B6Ausn yuacTroB ,KOHTAKTA"
3epeH HaBAyTCA MOSHQEM AAS ATOMOB, i NOTEEUHAAbHAA BHEPIHA CPABHH-
teabuo Mano (#a Bermamay AU) oramuaercs OT ee HOPMAABROTO SHAUERHR
B' kpucTaAAmYecxof pemerxe gammoro seygecrsa— U, Bto ossauaer otroch-
TEADHO BHICOKYW BuposTHOCT: W Hepexoja atomor (UpH HarpemagiM Tera)
S 3epcH B NPOCTPARCTEO mOP BOAHSH Y4ACTKOB ,KOHTBRTa“ C OAHOBpEMEH-
MM obpasoBanmeM ,AwpoR" (HéBaMCIIeRHMX Y3A0B kpHCTaAAudeckolt
pemeTky) BRYTpH 3epem. Mommo rparTomath BTOT SQQPEKT Kax MOBWMEHAe
CKOPOCTH OGPASOBARAL ,ANPOK" HAH, ECAH YTOZRO, CHOPOCTH ,PAacTEOPeHHS"
mPOCTPANCTEA NOP B BOPHAX, H OUPEACARTL €0 TEMIICDATYPHYIO 3ABHCHMOCTD
no obuamnoli sxcmosenymaAbHOd QopuyAe
-4l

W=Ce"* , (1)

rie C zoammo fHTb NpONOPUROHAADRO KOAHRECTBY mosmuuE c oueprmel
AU, 1.e. O~ -‘1%: €CAH p — YHCAO NOBEQHA, HENOCPEZOTEEHHO NMPHAErANONHX

X 0asOMy yumcrxy komraxra (2~ Vo, rje © ecTs EAOAZD KOMTAKTA) Z —
KOODANHAUNOHEOE WECAO 3epeH (WHCAO KOHTAKTOR B OfHOM 3epHe); 35—

MHCAO 36peE B eaimEmge ofbema; k-—nocrosmmas Boabrumama u T—
aGecoAIOTHAS TEMT :

3amersm, wro Al me scrp TOWHO onpejeremEAE BEAHUMHA, MOCKOABRY
asa BamECHY Ot yrAe (M mpummsmm) naseprEocreft H BOAHSH KOHTAKTA,
Ho, xoueuno, scerga AU U, m, npoue Toro, AU>>3U, ecamn BU— norer-
ymanbEbil Gapbep MOEAY ABYMA COCEXHHMH YBAAMH PEMIETHH.

Fig. 1 The first page of B.Ya. Pines’s manuscript.

B. Ya. Pines devoted more than twenty years to further development of the physics of
sintering. Objectively speaking the results of his research represent a significant contribution
to the current level of the science of sintering.
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