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Abstract. Introduction. Interstate standard GOST 493 provides for the maximum allowable zinc content in bronze
BrA9Zh3L not more than 1 (wt.) %. Zinc in aluminum-iron bronze composition has controversial influence on casting
technological and mechanical properties. The specified element improves material castability, but, in certain amount,
leads to product embrittlement. Problem statement. In the present work the problem of effective amount of zinc
determination for casting bronze BrA9Zh3L properties improving without negative affecting the plastic and impact
characteristics of foundry products has been solved. Purpose. The purpose of this study was an evaluation of Zn content
influence on BrA9Zh3L bronze structure and mechanical properties and determination of its rational doping. Materials
and Methods. Aluminum-iron bronze BrA9XK3JI according to GOST 493, alloyed with zinc in an amount 0...4 (wt.) %.
Fractography of destroyed impact samples surfaces and the products microstructure have been studied according to
ASTM E3 — 11 (2017) requirements. Mechanical static tensile tests were carried out according to GOST 1497, impact
toughness according to GOST 9454. Results. It has been established that the zinc content increasing over then 0,2 % by
weight in bronze BrA9Zh3L composition effects not only on significant strength decreasing, but also on sharp ductility
dropping. The reason for such regularity is the number of eutectoid component in BrA9Zh3L structure increasing.
Conclusions. Active loosing of BrA9Zh3L bronze plasticity and ductility, associated with alloy structural state
changing, has been recorded in the range of 0,2...0,6 (wt.) % Zn. For industrial cast products maximum Zn content in
bronze BrA9Zh3L has been recommended to limit by 0,2 (wt.) % against normatively stipulated 1,0 (wt.) % as per
GOST 493.

Keywords: bronze; zinc, standard; chemical composition; strength; plasticity; ductility; brittleness,
microstructure; eutectoid
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Anoranis. Bemyn. Mixnepxasauii ctangapt OCT 493 nepexbayae MakCHMaIBHO JOMYCTHMHHA BMICT IIUHKY B
6pon3i bpA9XK3n macoBoro yacTkoro He Ounbine 1 %. [{uHK y cKaai amoMiHiEBO-3aTi3HOT OPOH3M Ma€ HEOAHO3HAYHU I
BIUTUB Ha TEXHOJIOTIYHI 1 MEXaHIYHI XapaKTePUCTHUKH JHUTTI. 3a3HAuCHUH eJeMEHT TOJIMIIyE PiAKOILNTHHHICTH
MaTepiaiy, aje, B IeBHHX KUTBKOCTSX, CIPHUNHIOE OKpUXUIyBaHHS BHPOOyY. Ilpoonemamuxa. Y poOoTi BUpilIyBamacs
npobiemMa BUOOPY €QEKTUBHOI KUIBKOCTI IHMHKY, SKHH CIPHUSE TOJIMIICHHIO JHUBAPHUX BIACTUBOCTEH OpOH3HM
BpA9XK3JI Ge3 HeraTHBHOTO BIUIMBY Ha IUIACTHYHI ¥ ymapHi XapaKTEpUCTUKU BWIMBKIB. Mema 0ocnioxycenns —
OIliHEHHS BIUIMBY Zn Ha CTPYKTypy 1 MexaHiuHi BiacTHBOCTI OpoH3m BpA9XK3JI i BuM3HaueHHS paliOHAIBHOTO ii
neryBanHs. Mamepianu i memoou. AmominieBo-3aiizHa Opor3a BpA9XK3JI mo T'OCT 493, meroBaHa ITMHKOM Yy
KiJbKocTi MacoBoi yacTku Bif 0 10 4 %. ®pakrorpadito NOBEpXOHb pyHHYBaHHS YAapHUX 3pa3KiB i MIKPOCTPYKTYPY
BupoOiB BuBuany 3a BumoraMmu ASTM E3 — 11 (2017). MexaniuHi BunpoOyBaHHs Ha CTATHYHUI PO3TAT ITPOBOAMIN 32
I'OCT 1497, na ynapuuii Buru 3a OCT 9454. Pe3ynvmam. Y CTaHOBICHO, IO 30UIBIICHHS BMICTY LMHKY IHOHa
0,2 % B ckiani 6ponsu BpA9XK3JI He TUIBKM CYTTEBO 3MEHIIYe ii MIIHICTb i Pi3KO 3MEHIIYE IIACTHYHICTh. [IprunHa
TaKoi 3aKOHOMIpHOCTI — 30inbIIeHHs B cTpyKTYypi BpA9XK3JI KinbKoCTi eBTEKTOINHOM cK1afoBoi. Bucnoeku. AKTUBHA
BTpaTa IUIACTHYHOCTI 1 B'si3k0ocTi 6poH3u bpA9XK3JI, nos's3aHa 31 3MIHOIO CTPYKTYPHOTO CTaHy CIUIaBy, 3adikcoBaHa B
iaTepBaii 0,2...0,6 % Zn. J{nsg nuTux neTtanei iHAycTpiadbHOTO NMPH3HAYEHHS MaKCHMAaJ bHHH BMICT Zn y OpoH3i
BpA9XK3JI pekoMeHIOBaHO OOMEKUTH MacoBOr0 yacTkoio 0,2 % mpotn HOpMaTUBHO niependadeHoro 1,0 %.

KawuoBi cioBa: dopousa, yunk, mMiynicms, naACMuyHicmb, MIKPOCMPYKMYpa, KPUXKicmov, e8mexmoio
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AHHOTauus. Beedenue. MexrocynapctBenusld crangapt ['OCT 493 mnpeaycmaTpuBaeT MaKCHMAIBHO
JOITyCTAMOE conepkanne nuHka B Oporse bpA9IXK3JI maccooit moneit He Oomee 1 %. LluHK B cocTaBe amroMHUHUII-
KEJIE3HOH OPOH3BI OKa3bIBACT HEOJHO3HAYHOE BIMSHUE HA TEXHOIOTHUECKHE U MEXAHUYECKHE XapAKTCPUCTUKH JIUThS.
VKa3aHHBIA 3JE€MEHT YIy4qllaeT >KHIKOTEKydeCTh MaTepHhana, HO, B ONPEICIICHHBIX KOJMYECTBaX, MPUBOAMUT K
oxpymuuBaHuio wuznenus. Ilpoonemamuxa. B Hactosmeil pabore pemanack mpobiema BbiOOpa 3((EKTHBHOTO
KOJIMYeCTBA LMHKA, CIIOCOOCTBYIOIIETO YIIy4IICHHIO JIMTEHHBIX CBOHCTB OpoH3bl BpA9XK3JI Ge3 HeraTtMBHOTrO
BO3JICHCTBUS Ha IUIACTUYECKHE U YAAapHbIE XapaKTepUCTUKH OTIUBOK. I]ens uccnedoséanun — OLCHKA BIUAHUA Zn Ha
CTPYKTYpY M MexaHHdeckue cBoiictBa Oponsel BpA9XK3Jl um ompenenenue panuoHaJbHOTO €€ JIETHPOBAHMS.
Mamepuanst u memoodst. AnromuHneBo-xene3Has o6ponsa bpA9XK3JI no 'OCT 493, nerupoBanHasi IUHKOM MaccOBO
noneit ot 0 o 4 %. dpakrorpaduio MoBepxXHOCTEH pa3pylIeHUs] YAApHBIX 00pas3liOB U MUKPOCTPYKTYpPY H3IEIHH
n3ydanu mo TpedoBanusM ASTM E3 — 11 (2017). MexaHnndeckue UCTIBITAHUS HA CTAaTHUECKOE PACTSHKEHUE TIPOBOIHAIH
mo 'OCT 1497, na ynapusiif n3rud — mo 'OCT 9454. Pezynsmam. Y CTaHOBICHO, YTO YBETUYEHUE COACPKAHIS IMHKA
6omee 0,2 % B coctaBe 6poH3bI bpA9YK3JI mpUBOIUT HE TONBKO K CYIIECTBEHHOMY YMEHBIIECHHUIO €€ IIPOYHOCTH, HO M K
pPE3KOMY YMEHBIICHHUIO TUIACTUIHOCTH. [IpHymHa TakoW 3aKOHOMEpPHOCTH — yBeJlnmdeHWe B CTpykType BpA9XK3JI
KOJIMYECTBA IBTEKTOMIHOM COCTABIISIIONICH. Bb1600bl. AKTUBHAS TIOTEPS TUTACTUYHOCTH ¥ BSI3KOCTH OpoH36I BpA9XK3JI,
CBSI3aHHAs C U3MEHEHHEM CTPYKTYPHOT'O COCTOSIHUS CIlIaBa, 3adukcupoBana B uHtepBane 0,2...0,6 % Zn. {nst nuThix
JieTaieil MHIYCTPHAJIbHOTO Ha3HAYCHMS MaKCHMMalbHOe cojepkanue Zn B Oponse BbpA9XK3JI pexomeHnmoBaHO
OTPaHMYUTH MaccoBo noneit 0,2 % npoTUB HOPMATUBHO NpexycMOTpeHHoro 1,0 %.

KurioueBsbie cjioBa: Opousa, yunk, NPpOYHOCMb, NAACMUYHOCb, MUKDOCMPYKIYPA; XPYAKOCHIb, 96MEKMOouUo

Introduction. According to GOST 493 [1]  BrA9Zh3L is 1 (wt.) %. Usually zinc gets into
maximum acceptable Zn content in bronze  bronze BrA9Zh3L accidentally as a result of
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using raw materials containing this component
[2; 3] or as a result of its targeted addition into
the bronze melt to increase its castability [4].

Practice of bronze castings manufacturing
from BrA9Zh3L ndicates that the presence of
Zn in the bronze composition often leads to its
embrittlement. As a result, such castings can be
destroyed not only during their cooling and
knocking out from the molds, but also during
mechanical processing, as well as exploitation
as part of components and assemblies [5; 6].

Problem Statement. At present, data on
the effect of Zn on BrA9Zh3L bronze structure
and mechanical properties are missing or
fragmentary. Therefore, investigation aimed to
discovering the reasons of bronze BrA9Zh3L
embrittlement with Zn content increasing is
relevant [7].

Purpose. The aim of this study was an
evaluation of Zn content (up to 4, 0 (wt.) %)
influence on BrA9Zh3L bronze structure and
mechanical properties and determination of
its rational doping.

Materials and Methods. In this study
castings of cylindrical from BrA9Zh3L bronze
as per GOST 493 [1] without heat treatment
have been investigated. Castings have been
obtained as a result of pre-deoxidized melt of
bronze (the melt overheating 100 = 15 °C),
pouring into single steel chill mold (without
protective surface coating) with an initial
temperature 200 = 10 °C. Size of chill mold
cavity — @16x100 mm.

Subsequently, samples have been prepared
from these cylindrical castings for mechanical
tensile testing [8]. For impact toughness
determination samples were cast “in size” into
quartz ceramic shell forms (CFS) with an initial
temperature 950 =+ 15° C. Mesnager-type
U-notched specimens for impact testing have
been mechanically manufactured [9] after
castings separation from pouring gating system.
Table 1 demonstrates content of chemical
elements in bronze test pieces.

Table 1

Content of chemical elements in bronze test pieces (wt. %)

Impurities (no more)
Cu Al Fe Zn P | Ni, Mn, Sn, Si, Pb, Sb
82,8...88,8 1 8,7...9,5 1 2,5...3,71 0,0...4,0 | 0,02 0,01

Results and Discussion. Results of the 2 600 g
study of Zn effect (up to 4, 0 (wt.) %) on the = 500 —l
properties of bronze BrA9Zh3L indicate that % 400 -

. . . . g Oy, | e B

with Zn content in bronze BrA9Zh3L increasing < 300 K %‘
(Figure 1, a) the level of tensile strength (op) o zooW -
monotonously decreases. But with Zn content ks
increasing up to 2, 5 (wt.) % the values of yield > 15%
strength (oy,) and elasticity (cops) increase. At =B
the same time the difference between g and Gy, ’ WI%& o - o
values continuously decreases with zinc content ’ : ’ oo
increasing in bronze reaching a minimum at o
content Zn = 4 (wt.) %. This regularity suggests 12 ?7’?
that Zn content in bronze increasing leads to its E IZ A
fragility. b = s

This conclusion is also confirmed by 2 2
dependences o, v and KCU = f (Zn) profiles, =

presented in Figure 1 a, b. Sharp decreasing of
bronze plastic properties and toughness levels
has observed (see Fig. 1 a, b) at zinc content
0,2...0, 6 (wt.) %.
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Fig. 1. Dependence of bronze BrA9Zh3L ultimate
tensile, yield strengths, elasticity, elongation, reduction
area (a — op, 0y, Opos, O, W)
and impact toughness (b — KCU) vs. Zn content
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Fig. 2. Fractography of impact toughness specimens’ surfaces and microstructures of cast tested samples of BrA9Zh3L
bronze without heat treatment alloyed with different Zn content
(Specimens casted into CFS with initial temperature 950 = 15 °C)
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Changing in the fracture character of impact  and, as a result, on structural state (see Fig. 2).
toughness specimens occurs accordingly In this regard, maximum content of Zn,
(Fig. 2). Fractography analysis [10] of according to results of the present research, has
BrA9Zh3L bronze fracture surfaces (see Fig. 2)  been recommended to limit by 0,2 (wt.) %
in specimens with Zn content up to 0, 2 (wt.) %  instead of normatively stipulated 1,0 (wt.) % as
indicates viscous nature of destruction with  per GOST 493.
typical breaking ridges, main winding cracks
and crushing up zones (in the case Zn = Conclusions
=0,0..0,2 (wt.) %). o 1. With Zn content (up to 4 (wt) %)

Appearance of bronze samples containing  jncreasing, tensile  strength of  bronze
more than 0,2 (wt.) %Zn fracture surfaces shows  BrA97h3[ steadily decreases (from 600 MPa
signs of brittle fracture and have cleavage zones  ith 7n content 0,0 (wt.) % to 300 MPa with

%n .fragile structural component areas. Th.is Zn content 4,0 (wt.) %), yield strength and
indicates a confident tendency for cold cracks in elasticity values increase, reaching maximum at
castings of such alloys occurrence. Zn content 2,5 (wt.) %.

Microstructural investigation results [11] of 2. When Zn content is 0, 2 ... 0, 6 (wt.) %

tested bronzes show amount of eutectoid  ghapy decreasing of BrA9Zh3L bronze plastic
structural component continuous increasing with properties levels has been discovered.

Zn content in bronze rising and corresponding 3. It has been shown that the reason for

changing its morphology to dendritic. ‘ increasing in its structure eutectoid component
Therefore, results of metallographic analysis 4 ount.
(see Fig. 2) indicate that exactly amount of 4. In order to avoid castings and,

eutectoid component and a-Cu crystals  accordingly, cast parts for technical purposes
morphology are the main factors for BrA9Zh3L  cmbrittlement the maximum Zn content in

bronze ductile. and viscous properties leyels bronze BrA9X3JI limitation to 0,2 (wt.) % has
sharp decreasing when changing chemical  peen  recommended against normatively

composition in Zn. stipulated 1,0 (wt.) % as per GOST 493.
It follows from above that level of

BrA9Zh3L bronze mechanical properties are
fundamentally dependent on zinc content in it
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