
CLEARINGHOUSE FOR FEDERAL SCIENTIFIC AND TECHNICAL INFORMATION CFSTI 
DOCUMENT MANAGEMENT BRANCH 410.11 

LIMITATIONS IN REPRODUCTION QUALITY 

ACCESSION K #p    ^01    S^yr 

|3    I.    WE REGRET THAT LEGIBILITY OF THIS DOCUMENT IS IN PART 
^ UNSATISFACTORY. REPRODUCTION HAS BEEN MADE FROM BEST 

AVAILABLE COPY. 

n   2.    A PORTION OF THE ORIGINAL DOCUMENT CONTAINS FINE DETAIL 
WHICH MAY MAKE READING OF PHOTOCOPY DIFFICULT. 

1 3. THE ORIGINAL DOCUMENT CONTAINS COLOR, BUT DISTRIBUTION 
COPIES ARE AVAILABLE IN BLACK-AND-WHITE REPRODUCTION 
ONLY. 

r     4.    THE INITIAL DISTRIBUTION COPIES CONTAIN COLOR WHICH WILL 
BE SHOWN IN BLACK-AND-WHITE WHEN IT IS NECESSARY TO 
REPRINT. 

n   5.   LIMITED SUPPLY ON HAND: WHEW EXHAUSTED, DOCUMENT WILL 
BE AVAILABLE IN MICROFICHE ONLY. 

r     S.    LIMITED SUPPLY ON HAND: WHEN EXHAUSTED DOCUMENT WILL 
NOT BE AVAILABLE. 

Q  7.    DOCUMENT IS AVAILABLE IN MICROFICHE ONLY. 

Q  8.    DOCUMENT AVAILABLE ON LOAN FROM CFSTI ( TT DOCUMENTS ONLY). 

D» 

PROCESSOR:      <7  ^ 
TSL-I0T-I0 64 



CO 1 RD-MT- 3^6 

o 
CD 

Q 

/^ 

II ^ 
k> 

TRANSLATION 

ALUMINUM ALLOTS (CQLLBCTION OF ARTICLES) 

■: S FOREIGN TECHNOLOGY 
DIVISION 

CKCXTSIXO 
A!R FORCE SYSTEMS COMMAND 

WRIGHT-PATTERSON AIR FORCE BASE 

OHIO 

fviloROFiGHE 

12.-P 

DDC 
[gopnnfl 
I0V3   1964 

DDC-IRA  C 



.. 

·•· 

THIS DOCUMENT IS BEST 
QUALITY AVAILABLE. THE COPY 

FURNISHED TO DTIC CONTAINED 

A SIGNIFICANT NUMBER OF 

PAGES WHICH DO NOT 

REPRODUCE LEGIBLYo 



FOREWORD 

This document is a machine translation of Russian 

text which has been processed by the AN/GSQ.l6(XW-2) 

Machine Translator, owned and operated by the United 

Utates Air Force.  The machine output has been fully 

post-edited*  Ambiguity of meaning, words missing from 

the machine's dictionary, and words out of the context 

of meaning have been corrected.  The sentence word 

order has been rearranged for readability due- to the 

fact that Russian sentence structure does not follow 

the English subject-verb-predicate sentence structure. 

The fact of translation does not Guarantee editorial 

accuracy» nor does it indicate USAF approval or dis- 

approval of the material translated* 
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PREFACE (p 3 of source) 

At present In different branches of technology there 
find wide application materials from sintered aluminum pow- 
der (SAP) and sintered aluminum alloys (SAS). Mastering 
SAP has slmlflcantly expanded the region of temperatures 
at which can be applied the aluminum alloys» 

In distinction from other aluminum alloys, SAP has 
coüiparatlvely high ultimate strength In the Interval of 
temperatures 300-500C, Its prolonged durability In tests 
during 10,000 and even 100,000 hours is little changed with 
tlüie and practically can be considered stable« 

The 1961 collection of articles t,Hlgh-Temperature 
material from sintered aluminum powder (SAP)11 was the first 
attempt to generalize the results of Investigations connected 
with the development of the fundamental technology of ob- 
taining of half-finished products from SAP, and also with 
the study of its structure, properties and peculiarities» 

During the time since the publication of the first 
collection new forms of half-finished products (profiles, 
pipe, foil, etc.) have been developed which find wide ap- 
plication in industry, the technology of obtaining of pre- 
prepared half-finished products has. Improved, as well as 
the technology of preparation of powders and dusts that 
allow significant reduction of the technological cycle of 
production of articles. 

In the collection there is described a new method 
of briquetting with preliminary heating of aluminum powders 
to 500-600C, which gave the possibility of obtaining both 
round and flat briquettes to weight of one ton; properties 
of these briquettes differ Insignificantly from propertlej 
of half-finished products obtained by treatment by pres- 
sure. Production from large dimension briquettes of wide 
strln of diversion 90 x 600 mm for rolling of sheets and 
rods of diameter 200 lira and more for stamping has been mas- 
tered. 

High-temperature heating of powder during its bri- 
quetting also ensured prolonged operation of half-finished 
products from SAP temperatures to 550C, where surface of 
half-finished products after heating remains of high quality 
(without bubbles). 

In published articles there Is described also a 
method of investigation with the help of the electron al- 
croscope of the structure of sintered aluminum materials 



and results of manlfolä Investigation of properties depend- 
ing upon conditions of deformation and heating that allowed 
us to establish  several regularities characteristic of 
the material strengthened by dispersed Inclusions of aluni- 
InuiD oxide • 

Special attention Is allotted In the collection to 
the problem of formation of welded Joints of details from 
SAP, in particular there are considered the causes deter- 
mining the not-always-stable results of argon arc fusion 
welding of SAP and necessary recommendations ara given. 
Results are published of an investigation of the possibility 
of Joining of details from SAP by other methods (resistance 
and spot electric welding, ultrasonic welding and riveting. 

There is great interest in the studies which resolve 
the problem of obtaining of sheet material directly from 
aluminum powder. They present the process and technology 
of rolling of powder, properties and structure of resulting 
billets and ready, half-finished products. 

The collection considers the structure and properties 
of the newly mastered half-finished products; there are given 
certain regularities of change of their properties and struc- 
ture depending upon technological factors. 

Significant attention is allotted to new materials 
from sintered aluminum alloys with special properties (for 
instance, with low coefficient of linear expansion). Ob- 
taining of such alloy, containing to 30%  silicon, by the 
usual method (casting and deformation) is very complicated 
^nd only by means of sintering of powder from aluminum alloy 
have we managed to creete a number of alloys with different 
coefficients of linear expansion, necessary in instrument- 
making. 

Of definite interest are the studies of the structure 
and properties of standard aluminum alloys (D16, B96), 
obtained from sintered powders. The quality of half-finished 
products from SAP is better than from alloys obtained by the 
usual method, since their structure is uniform, and metal- 
lurgic defects inherent in these alloys are absent. 

The authors trust that publication of this collection 
will alloy still more expansion of the region of application 
of high-temp sintered aluminum alloys in Industry. 



PROPERTIES AND APPLICATION OF HALF-FINISHED PRODUCTS 
FROM SINTERED ALUMINUM POWDER (SAP)   (p 5 of source) 

B.L. Matveev,  I.N.  Fridlyander, G.D.  Agarkov, 
M.G.  Stepanova, P.T.  Vlasova 

Hlgh-te^p deformed alloy fron sintered aluminum pow- 
der at temperatures of 350-500C has significantly higher 
strength characteristics than standard aluminum deformed 
alloys which Is explained by the presence of a finely-dis- 
persed oxide phase evenly distributed In the aluminum base* 

Half-finished products from SAP possess high cor- 
ros^onal stability,  practically equal to the corroslonal 
stability of aluminum;  they are recommended for prolonged 
work in Interval of temperatures 350-500C  and at lower 
te^p^rntures If there  Is required a combination of high 
durability and corroslonal stability.    For manufacture of 
half-finished products  from SAP uee Is made of aluminum 
powder of brands APS-1,  APS-2  (aluminum powder for sintering), 
composition of which is given in Table 

Table 1 

Composition of Powders for Manufacture SAP 
(remainder Aluminum) in % 

MapKa nyApu Al203 
Fc miipu 

fyO 

He (ta.iec 

AftAnc-i 
/^SAnC-2 

&-9   1 
9.1-13 

0.2 
0.2 

0.25 
0.23 

0.1 
0.1 

a - Brand of powder; b - Fats; c - not nore« 

The powder of brand APS consists of oxidized parti- 
cles of aluminum in for^ of scales (plates), average di- 
mension of which prior to nodulizing is 10-45 mk with a 
thickness of less than 1 mk. The powder Is prepared by 
atomizing a rrelt and grinding the pulverlzat In ball mills 
In a medium of nitrogen with a controlled content of oxygen and 



of stearin.    In the process of manufacture the powder Is 
subjected to nodulizlng (for the purpose of Increase of 
bulk weight),  a conglomerate is formed from the elementary 
particles.    Average dimension of conglomerate in the no- 
dulized powder constitutes 50-100 mk.    In industry,  from 
powder APS-1 we prepare half-finished products of the brand 
SAP-1,  and from now'der APS-2 — half-finished products SAP-2. 

The  technology of manufacture from SAP of half-finished 
products,  billets for rolling,   forcing,   stamping includes 
briquetting of powder,   sintering and hot pressing. 

Fig 1.    Wire from SAP 

From SAP-1 we prepare the followinct half-finished 
products:    rods and nipe  of diameter to  200 m^,  profiles 
of section to 100 cm2 and above,   sheets  of width 900 mm, 
length to 3 m and thickness  to 0.8 mm,   rivet wire  (Fig 1), 
foil of thickness to  0.03 mm   (Fig 2),  pressed half-finished 
products  (Ficr 3). 

From SAP-2 we prepare  only pressed half-finished 
products  (rods,   strip,  pipe)  of the same dimensions as from 
SAP-1.    Basically the  half-finished products  from SAP-2, 
possessing lowered engineering plasticity,   are used for the 
manufacture of details by machining or stamping in closed 
dies;  these operations ensure  deformation of material with 
minimum stretching stresses* 

The mechanical properties of pressed,   rolled and 
stamped ha?.f-finished proaucts  from  SAP-1 and SAP-2 are 
given in T^ble 2.     From 6AP-1 it  Is possible to obtain 
stamped half-finished nroducts directly  from  the sintered 
briquette  (billet). 



Pig 2. Sheets and foil frora SAP 

CS3 fir*' Oi'SUTt 

Pig 3.    Half-finished products from SAP 

Mechanical properties In this  case are sufficiently 
high.    With increase of temperature of test to 500C the 
strength of SAP-1 decreases from 30-35 to 8-10 kg/mmS, 
and that of SAP-2 from 40 to 12-13 kg/mmS, 



Table 2 

Mechanical Properties of Different Half-Finished Products 
Prom SAP-l and SAP-2 

MapKa MatepHaJia H  MA, 

nojiy(|)a6pMKaTa   /^\ 

SftP 
CAIl-l 

SAP. 
CAIM 

SftP 
CAn-i 

CMll 

CAHl 

Tewne- 
paiypa 

HcnuTa- 
MH«/ 

flpeACJi 
npoH- 
HOCTK 

CO 

npeAeji 
TCKy- 
qecTH 

KFIMM* 

flpeccoBaHHue  (j-l 
npytKH   AHauetpoM 
18-180 MM 

npeccocaHiiuc  no- 
aocu     CCMCHIICM     OT 
20x90 AO 410X30 JU/ 

XojiOAHOKaTaiiUH i 

JHCT   TOAUIHHOM     (c \ 
1—3 MM  (BAO/II>   Har- 
npaeaeuHji npoKaTKM) 

Ä) 33 
250 16 
350 11 
400 9 
500 7.5 

XojiOAHOKaTaHuiy • i 
JHCT TOJIUUIHOA      \i) 
1—3 MM (nonepcK Ha- 
npaejiCHiiH npoKaTKii) 

ropfliCKaTaHUii 
"CT ^ 

20 

250 

350 

400 

500 

34 
16 
11 
9 

7.8 

20 
500 

$0Jibra TOJiuiNiioB 
0,05 JU< noc^e 100 nac 
OTWMra npif teiinepa- 
Type McnuiaHHH 

ty 

30 
8 

20 33 
200 21.8 

250 19.0 

275 16.3 

300 13.6 

400 8 

El HB 
KPIMM* 

20 33 23 6 
250 20 16 4 
300 18 15 3 
350 15 13 2 
400 12 — 1 
500 9-10 8 1 

95-100 
95-100 
95-100 
ac-ioo 
95-100 
95-100 

4 
5 
4 
4 
1.5 

5 
4 
4 
4 
2 

5 
2 



Table 2 Continuation 

TCMIIC- Hpejicn npcACJi 
i   «• 1« 

MapKa iiaTepuajiOB H BIIA 
pai j pa 

i Mcnwia' IipOH- TCK}*- if HB 
no-ny^aopHKara .   x HUH 

HOCTH 

Ice) 
ICCTH 

tcriMM* IP) licriMM* 

FloKOBKH   H   nitaM- 20 35 4 1 

SAP 
CAni 

noRKii  M3 cne^eHHOH 
aaroTOBKit AitaMCTpou 300 15 — 3.5 ^— 

350 — ■— — — 

I    400 10 — 3.0 -— 

npeccoaaKiiMe -196 46 ^__ 1   0*5 120 
npyTKit      AxaMCTpoM 
170 MM H no-iocu ce- 20 40-41 26.0 2-3 — 

CAri-2 
qeHMCM 240X30 MM 

(-) 

250 24-2.S 23,0 1 — 

350 18-19 15 |   O.5 — 

500 12-13 9   10 0.5 — 

600 3-4 — — — 

a - Brand of material and form of half-finished product; 
b -    Temperature of test C;  c - Ultimate strength kg/mnSj 
d - Yield point kg/imn2;  e ~ % elongation;  f - HB kg/imnS; 
g - Pressed rods of diameter 18-18Ö ram;  h - Pressed strip 
of section from 20 x QOto 410 x 30 mm;  1 - Cold-rolled 
sheet of thickness 1-3 mm  (along direction of rolling); 
j  - Cold-rolled sheet of thickness 1-3 mm  (across direction 
of rolling); k - Hot-rolled sheet;  1 - Foil of thickness 
0.05 mm after 100 hour of annealing at temperature of test; 
m  - Forcings and stampings from  sintered billet of diameter 
160 mm; n - Pressed rods of diameter 170 mm and strip of 
section 240 x 30 mm. 

The prolonged strength of SAP-1 and SAP-2 after 100 
hours c^ test is given In Table 3« 



Table 3 

Prolonced strength of SAP-1 and 8AP-2 
after 100 hours, In kg/romS 

Tciinepaiypa 
RCnUTaHHR 

SftP 
CAR-1 CAn-2 

250 

350 

500 

u.o 
8.0 
4.5 

12.0 
9,0 
5.5    . 

a - Temperature of test, C 

The prolonged strength of SAP-1 and SAP-2 is prac- 
tically Identical and exceeds the strength of all the alum- 
inum deformed alloys. The basic mechanical properties of 
SAP-1 and SAP-2 are given in Tables 2 and 4. 

Table 4 

Certain mechanical properties of SAP-1 and SAP-2 
s^CAH-l               |          S^CAn.2 

GO 
CeoAcTBa 

f^TevinepaTypa B 
0C 

20 250 350 500 20 250 350 500 

^OtHOCMTCabHOC CyÄCHHC B % 

wnpCACJi nonaviccTH no oc- 
TaTO<iHoA     AC<})OpMaiuin 
•o.2/ioo»«n**2 

(5)npeÄCJI        BU HOC! HBOC TH     B 
KFIMM* Ha 6a3C 20« 10° UKKAOB: 

06pa3cu 6c3 HOApeaa 

oöpasen c HaApc30M 

(OMMCüO UUK.IOü äO pa3pyiiic- 
MitR npii nooTopiiMx  CTanmc- 
CKHX iiarpysKax npii Hanp«>Ke- 
HNK   0.7os 

ä^AMHaMHHecKHfi MOAyjib yii- 
pyrocTH B KFIMM* 

8-11 

9 

6 

L  4700 

No=23.5 
KFIMM- 

\    7500 

9-12 

6400 

8-9 
7 

3 
2.5 

5800 

G-7 
4   1 

3 
2 

5200 

3-4 

11.5 
7.5 

©npH 
^ «o=28 
tcriMM* 

7700 

a-4 

6800 

3-4 
7 

3.5 

6100 

2-3 
4 

3.5 

5500 

8 



a - Properties; b - Temperature in C; c - Relative reduction 
in #; d - Limit of creep at permanent deformation 0***/i*0 
in kg/mm2; e - Li^it of fatigue in kg/mm2 on basis of 20-10« 
cycles; sample without notch, sample w. notch; f - Number 
of cycles to destruction during repeated static loads at a 
stress of 0.7^&; 6 - Dynamic elastic modulus In kg/mm2; 
h - at 

Physical properties of SAP 
SAP-l SAP-2 

SDecific gravity in g/cm5 2.73 2.75 
Thermal  conductivity in cal/cm sec0C   (20-500)  0.A-C.36 0.53-0.34 

The coefficient of lineary expansion of SAP varies 
depending upon temperature (Table 5). 

Table 5 
clOS 

TeMncpaiypa 5ftP 
CAFM CAn.2 

20~'100 23.0 19,5 
100-200 1         23,0 20.2 
200-300 23.0 20.9 
300-400 |         25.9 21.7 
400-500 1         26,3 22,7 

a - Temperature C 

SAP is characterized by high corrosional stability. 
During test in conditions of full submersion in 35^ solution 
of NaCl-hO.l^ H2O2 and in a natural atmosphere during 10 
months,, the strength and relative elongation (Table 6) of 
saTDles did not decrease. 

Vhen indispensable, articles from SAP can be anodized. 
SAP is satisfactorily brazed and can be welded by argon arc 
welding. Using fusion welding, the welded seam on sheets of 
thickness 1.5 mm from SAP-1 at normal temperature has a 
strength of 33 kg/mm2, and at a temperature of 500C — 5-6 
kff/mm2. 

SAP-1 and SAP-2 are satisfactorily deformed in the 
hot state at 450-570C.  From SAP it is practically possible 
to obtain any pressed half-finished products which are sub- 
jected subsequently to working by pressure or cutting. 

9 



Table 6 

Mechanical properties of samples from SAP after 
10 months of corroslonal tests 

(Corrosion tests conducted by V.S. Komlssarova ) 

CoAepxcaiiHC B % 

Al20; 2^3 Fe 

lO  KOppOSHOHHUX 
f- Hcnura ii uß 

M ^ ter/MMt 

Uocnc K0pp03M01l- 
CHWX     NCIlblTailMM 

KFIMM* % 

yitCllblllCllliC    B   % 

n p M noJiHOM norpyxccHitii a 3?0 -H u fi pacTBop NaClfO, 1 % U2O2 

6.0 
9.0 

11.5 

6.0 
U.5 

t   0.25 32.8 10.5 34,5 10.8 Hcif- 
0.11 32.5 5.1 36.2 5.8 Het^ 

0.14 41.5 4.5 39.0 6.0 6 

1     — 1   11.6 ».0 13.6 35.2 HCT«^ 

t B ccTCCTBeHHofiaTMoc^epe 

1   0.25 1   30.8 10.5 31.2 0.2 
1   0.14 32.5 I    4.4 34.8 1      3.6 

Hay 
Uety 
HtTfS 

HCT^I    7,0 
Hei/]   18,0 

a - Content In & b - Prior to corroslonal tests; 
c - After corroslonal tests; d - Decrease In %; 
e - With full submersion In 3% solution of 
NaClf 0.1^ H202; f - In natural atmosphere; g - 
None 

Working of SAP by pressure has certain peculiarities. 
From hollow billets of SAP using a secured or floating needle 
It Is possible to obtain smooth pipe or with symmetrically 
located flangesf ribs, but the application of tonaue-dies, 
which are usually used for obtaining complicated hollow or 
half-open profiles in the deformed alloys, is impossible 
due to the high resistance to deformation. Pipes obtained 
by pressing are subjected to drawing for removal of all 
thickness differences along the length. From SAP-1 it is 
possible to obtain pipes having wall thickness of 0.4 ssm. 

Thickness of walls of pressed SAP half-finished 
product and radii of curvature are lower for a lower content 
of AI2O3 In the initial material» 

sAP-1 is satisfactorily deformed in cold and hot 
states by the methods of impact extrusion and free forging. 
By impact extrusion it is possibla to prepare shaped pipes 
and pipes closed at one end. By the method of cold rolling 

i  —— 
Throughout this document, the Abbreviation *r etande for kg. 

10 



on mills of the type Rokrayt from SAP we can obtain pipe of 
variable section (with decrease of section by 75%)•    By 
rolling on special mills from smooth pipes it Is possible 
to obtain pipe with transverse helical ribs. Furthermore, 
from SAP-1 we obtain wire of diameter 1-6 mm from which It 
is possible to head rivets. 

Sheets from SAP-1 are prepared from pressed large- 
dircension plates which are hot rolled to thickness of 3-2,5 
mm, and then cold rolled to any given thickness« By rolling 
from SAP-1 we prepare foil of thickness to 0,03 mm. Sheet 
material from SAP-1 is subjected to drawing at temperatures t 
of 300-450C, the limiting coefficient of drawing for one 
operation correspondingly constitutes 1.3-1.8. The minimum 
radius of bend of sheet material at normal temperature Is 
equal 7-8 times the thickness, at 350C It Is 3 times, and at 
450C it is 1.5 times the thickness. 

SAP-1 and SAP-2 easily are worked by cutting. Here 
there are not required special conditions for operation of 
the cutting tool (In distinction from conditions of working 
of usual aluminum alloys). 

The above-mentioned different methods of working of SAP 
allow us to conclude that the existing idea of the fragility 
of sintered materials does not apply to SAP. This material 
is processed by the same methods as the hardening aluminum 
alloys. Heat treatment for SAP is not required. 

The successes attained In the field of working open 
before SAP more and more new regions of application. 
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INVESTIGATION OF THE STRUCTURE OF SAP 
(p 13 of source) 

I.N. Frldlyander, M#G. Stepanova, N.S. Gerchlkova 
N.I. Kolobnev 

High-temp material from sintered aluminum powder 
(SAP) is characterized by stability of structure and proper- 
ties at heightened temperatures. Half-finished products 
from SAP are obtained by consecutive briquetting, sintering 
and pressing of aluminum powder. Every particle of powder 
is covered with a thin oxidized film. In the  process of 
the production of the half-finished products there occurs 
destruction of the oxidized films, splitting of powder par- 
ticles and distribution aluminum oxide in the form of finely- 
dispersed inclusions through the entire aluminum matrix« 

SAP is a typical representative of the alloys 
strengthened by dispeised particles and differs from all 
the other dispersion-hardening alloys in the nature of the 
hardening phase and the method of dispersion.  (N.J. Grant, 
0. Preston, J. cf Metals. 1957t No 5f P 3*9; F.V. Lenel, 
A.B. Backensto, M.V. Rese, J. of Metals, 1957f No 1, p 124.) 

Strengthening of the dispersion-hardening alloys 
occurs as a result of singling out of dispersed particles 
during disintegration of the supersaturated solid solution, 
therefore at heightened temperatures weakening of the alloy 
occurs due to coagulation and dissolution of the hardening 
phase. The usual dispersion-hardening alloys can be har- 
dened only by those elements which dissolve in the base 
metal. The limit of reasonable alloying is determined by 
the limit of solubility of the element lor group of elements) 
in the base metal. 

SAP is hardened by particles of aluminum oxide which 
practically is not dissolved in aluminum; the limit of alloy- 
ing therefore is not connected with the limit of solubility 
of the second phase. The dispersiveness of particles of 
aluminum oxide is the result of splitting of the thin oxi- 
dized film and not disintegration of the supersaturated 
solid solution. 

Thus, SAP, which is hardened similarly to the dis- 
persion-hardening alloys by dispersed particles, in prin- 
ciple differs from them in the nature of the particles and 
the method of obtaining then, this allows us to improve its 
mechanical properties. 
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Alloys of the type SAP preserve high strength char- 
acteristics at temperatures to 500C, This Is explained by,- 
the presence of the hardening phase, aluminum oxide, which 
Is characterized by a high temperature of fusing (2050C), 
low diffusion mobility. Insolubility In the matrix and high 
hardness» 

All available theories of hardening of alloys of the 
SAP type basically le^d to dependency of prooertles on the 
dimension of the dispersed particles (in this case particles 
of aluTrlnum oxide) and on the distance between them. In 
order to better grasp the mechanism of hardening of the 
aluminum matrix by dispersed particles of the oxide phase, 
one should start the study of the structure of SAP from a 
study of the dimensions and character of distribution of 
particles of aluminum oxide In briquettes, billets, and then 
in half-finished products. 

Fig 1. Mlcrostructure of rod from SAP with 
10.5^ Al203yx 2000 

Since particles of aluminum oxide are  extremely small 
the optical microscope does not give a full presentation 
of the structure of SAP (Fig 1) and It is necessary to re- 
sort to electronic microscopy. 

There have been only a few studies of the structure 
of SAP v/ith the help of the electron microscope (E. Gregory, 
N.J. Grant J. of Metals, 1954, No 2, pp 247-252; F.V. Lenel, 
3.S. Ansell, E.S# Nelson, J. of Metals, 1957.  No 1, pp 
117-124; H. Hup;, N. Blschsel, Metall, 1961, Nr. 1, SS. 19-22.) 
and «onetimes the authors themselves mark a certain Inac- 
curacy of explanations obtained by them by electron -nlc- 
rcfotocrrafy of the structure SAP and consider them as sup- 
positional.    One of the vorks contains somewhat contra- 
dictory data on the form and character of .distribution of 
narticles of the oxide phase    In SAP. 

13 



Therefore for the carrying out of the electron- 
microscopic investigation of the structure of SAP ve 
thoroughly developed and made a detailed check of a method 
of preparation-of SAP products. In detail this method is 
described in an article by N#S. Gerchikova and N.I, Kolobnev 
(N.S, Gerchikova, N.I. Kolobnev, Factory Laboratory. 196lf 
No 12). 

In the present work with the help of the electron 
microscope we Investigated the structure of briquettes and 
rods from SAP containing from 9 to 26%  A^O^and sheets con- 
taining !•&% Al203(degree of deformation 8550. 

The structure of pressed half-finished products from 
SAP constitutes an aluminum matrix with introduced in it 
dispersed particles of the oxide phase (?lg 2). The less 
the distance between particles of aluminum oxide the higher 
the strength characteristics of the SAP. The distance be- 
tween particles of aluminum oxide depends on the grinding 
of the aluminum powder from which are obtained the inter- 
mediate products. The finer the grinding and the greater 
the dispersion of the elementary particles of powder, the 
less the distance between oxide partices in the SAP. On 
the grinding of the aluminum powder depends also the quan- 
tity of aluminum oxide. In the process of grinding of the 
powder in a ball mill there also occurs crushing of the 
particles of aluminum and, consequently an increase of their 
total surface area. 

«3 car 

■ 

lä 
Fig 2. Electron photomicrography of structure 

of a rod from SAP with 16%  AI2O3, x 16,000 

a - cross section, b - longitudinal section 
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Every revly forTned surface of aluminum oxlälzes. Thus, 
the increase of content of aluminum oxide in powder of the 
brand APS occurs rot by thickening of the oxidized film, 
but thanVs to the fine grinding. Both aluminum powder for 
SAP and also half-finished products are clas^fied by the 
content of aluminuin oxide; here we consider Laat the grind- 
ing is conducted in strictly determined conditions, ensuring 
obtaining of powder of each brand with particles covered with 
an oxidized film of identical thickness. 

As our experiments shoved, in that case when the con- 
tent of aluminum oxide in the powder is increased by thicken- 
ing of the oxidized film on particles of aluminum, the 
strength of half-finished products from such powder is not 
increased. The distance between particles of the oxidized 
phase in this case is not changed with an increase of the 
content of aluminum oxide, but the oxide particles become 
significantly larger (Fig 3). 

To increase the bulk weight of aluminum powder from 
SAP after crinding it is subjected to nodullzing, as a result 
of which will be formed a conglomerate from elementary par- 
ticles of aluminum. The dimension of the nodulized particles 
does not affect the strength of half-finished products from 
SAP  (High-temp Material from Sintered Aluminum Powder (SAP), 
Oboronciz, 1961, p 17-29); the distance between particles 
of aluminum oxide in SAP, and consequently also the strength, 
are determined by the dimension of the elementary particles. 

In the process of pressing of half-finished products 
from aluminum powder .the oxidized films covering the surface 
of the elementary particles are cestroyed and the distance 
between particles of the oxidized phase no longer can exactly 
correspono to the distance between oxidized films (or to the 
dimension of the particles of powder). However, the relation 
between the dimensions of the particles of powder and the 
distances between oxidized particles in SAP nevertheless is 
maintained. 

NOT 
^rhiüCIBLE 

Fig 3. Photomicrograph of structure of rod from 
SAP with 10.8^ Al20j. Content of aluminum oxide in powder 
was Increased by thickening of oxidized film (oxidation in 
humid atmosphere), x 2000. 
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WIME NOT 
iSüCIBLE 

Fig 4, Electron photomicrograph of structure of 
briquette with 13% Al203, x 16,000. 

This confinns results obtained by us of the determin- 
ation from electron photomicrographs of the dimension of 
elementary particles of aluminum powders with 7 to 13% 
AlgOj and the distance between oxidized particles in rods 
pressed from these powders (High^temn Material from Sintered 
Aluminum fovder (SAP) Oborongiz, 1961, p 5-16). 

Partial destruction of oxidized films occurs even 
during cold briquetting of the powder (Fig. 4). Obviously 
the more plastic particle of aluminum under the action of 
high specific pressure (50-70 kg/mm2) is deforced, which 
leads to cracking of the oxidized film in separate places» 
It is possible to consider that during hot briquetting (at 
450-500C) the difference in plasticity of aluminuin (tm = 
66OC) and aluminum oxide (%m  = 2050C) significantly increases 
which leads to greater destruction of the oxidized films» 

The sintering (compacting) and hot pressing of half- 
finished products which follow briquetting completely des- 
troy the oxidized films, forming dispersed particles (of 
dimension 0,12-0.13 mk) which are comparatively evenly dis- 
tributed in the aluminum matrix at a distance of 0,3-0.4 mk 
from each other (see Fig 2). 

Electron photomlcroffraphs of lonpritudinal and cross 
sections of rods pressed from SAP confirm that the oxidized 
phase in SAP after pressing of half-finished products has the 
form of dispersed particles and not partially destroyed films 
or shells. Analogous structure is shown by sheets from SAP 
(see below). 

The correctness of the method of preparation of 
specimens for investigation of the structure of SAP and 
interpretation of the obtained electron microfotographs was 
checked as follows. After deep etching of a slide from SAP 
we managed to obtain a replica with black impregnations, 
which from preliminary analysis should be oxidized particles. 
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Electronograms taken from such replicas confirmed the initial 
Interpretation — the black Impregnations* have the crystalline 
structure of jT-A^Oj. 

Furthermore, the obtained electron photomicrographs 
of the structure of SAP and their Interpretation agree with 
the results of other experiments, (E. Gregory» N.J. Grant, 
J, of Metals. 195A, No 2f pp 2*7-252; H. Hug, H. Bischsel, 
Metall. 1961. Nr 1, SS. 19-22), although the specimens for 
investigation in these other works were prepared by other 
methods« 

srOöbeMMbiu /oAigOj 
20 

Fig 5* Dependency of average number of intersections 
on content of AlgC^ln rods from SAP, 

a - Average No of intersections; b - Volume %  of AI2O3 

Interesting data were obtained after statistical 
treatrent of the electron microfotographs of the structure 
of rods from SAP with 9, 16, 20, 26% A1203, On every elec- 
tron photonicrograph we drew 10 lines and over a length of 
2.5 mk we calculated the quantity of particles intersected 
by the line. Investigations (R# Fullman, J. of Metals. 1953f 
No 3) have established that the number of crossings per unit 
of length is proportional to the quantity of particles in a 
unit of volume (assuming that the magnitude and distribution 
of all particles in different samples are identical). Fig 5 
graphically represents the dependency of the average number 
of crossings vs the content of aluminum oxide in every SAP 
rod. The higher the oxide content of aluminum, the bigger 
the number of crossings. 



In the coniputatlon of the weight percentage of alum- 
inum oxide the specific weight of SAP was taken as 2.73 
g/cm3f end the specific weight of aluminum oxide as 3.8 g/cm?, 

Pig 6. Electron photomicrographs of structure of 
rods from SAP, x 16,000. 

a - with 9% AI2O3; b - with 26% AI2O3 

On Pig 6 are represented the electron photomicrographs 
of the structure of rods from SAP with 9 and 26% A^O^, 

With the help of electron microfotographs of the 
structure of rods from SAP with content from 9 to 20% AI2O3, 
a check was made of the dependency of the ultimate strength 
on the distance between particles of the oxidized phase 
(Pig ?)• With an Increase of the distance between oxide 
particles from 0.3* to 0.82 mk the ultimate strength of SAP 
rods decreases from 45.5 to 33.5 kg/mm2 at 20C and from 
14.5 to 10.0 kg/mro2 at 500C. Analocrous dependencies were 
obtained earlier in a number of works. (C.G. Goetzel, 
J. of Metals. 1959, No 3, PP 189-194). 

These results once again Indicate the fact that the 
properties of half-finished products from SAP depend on the 
distance between particles of aluminum oxide, i.e. the 
strength of SAP is determined by the dispersion of the ele- 
mentary particles of the aluminum powder. 

On Fig 8 are given the electron photomicrographs of 
the structure of sheets from SAP (7.8^ AI2O3), obtained at 
various decrees of deformation« No essential distinction 
in form of particles of oxidized phase in longitudinal and 
in cross sections of sheets with various degrees of def- 
ormation is observed (Pig 9)« Statistical treatment of elec- 
tron microfotographs of the structure of sheets from SAP 
showed that the dimension of the particles of aluminum oxide, 
and also their quantity and the distance between them are 
identical and do not depend on degree of deformation (Pig 
10a, b). Annealing of sheets from SAP for 100 hours at 450C 
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1/dL MK 

Fig 7. Dependency of ultimate strength of rods from 
SAP on distance between particles of oxidized phase« 

a - At; b - In 

and 550C also does not change their structure (Fig 11 )• 

Fig 8, Electron photomicrographs of structure of 
sheets from SAP (7.8^ A^O^), (cross section), x 16,000, 
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a 
b 
o 

hot-rolled sheet, degree of deformation *0%9 
cold-rolUd sheet, degree of deformation 52.5%. 
cold-rolled sheet, degree of deformation 8lj^ 

The raechanical properaties of sheets from SAP at 
room temperature depend on the degree of deformation:    with 
an increase of the degree of cold deformation from 0 to 85% 
the ultimate strength increases from 32 to 41 kg/mm2.    Tests 
of samples at 500C showed that the strength practically re- 
mains without change and is equal 8-9 kg/rom2 (Fig 12). 
Annealing at 450C for 100 hours does not affect the ultimate 
strength of sheets.    After annealing at 550C for 100 hours 
there appeared bubbles and stratification on samples that 
led to a drop of ultimate strength and relative elongation 
(see Pig 12). 

öiym 

Pig 9. Electron photomicrograph of structure of 
cold-rolled sheet from SAP with 7.8* AI2O3 with a degree of 
deformation of 52.5* (longitudinal section), x 16,000. 

/////mv////////, wrtAsm rw-j:- 

0 W    51 69 81 

Fig 10. Dependency of dimension and quantity of 
particles of oxidized phase of sheets from SAP on degree of 
deformation and annealing. 
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Cold-rolled sheet: O ~ without annealing,^— anneal- 
ing, at 550C for 100 hours, hot-rolled sheet: •— with- 
out annealing,*— annealing at 550C for 100 hours, 
x — annealing at 450C for 100 hours• 
a - Average quantity of particles of AloO^ on an area 
equal to 4 mk^; b - Average dimension or particles of 
AlgOj in mk; c - Decrree of deformation in %• 

mm NOT 

Fig 11• Electron photomicrograph of structure of 
sheet froip SAP (degree of deforrration 8l#) after annealing 
for 100 hours at 550C, x 16,000. 

These data coincide with the results of an Investi- 
gation, given in (W.S. Cremens, E.A. Bryan, N.J, Grant, 
ASTM Preprint 1958, No 84, pp 1-7). The authors observed 
an Increase of the ultliuate strength of sheets containing 
6-8^ AI2O3 with an Increase of the degree of cold deforration 
in the investictated liraits (to 66%)*    However the work of 
B.I. Matveev and I.E. Khanova (High-temp Material fron) Baked 
Aluirinum Powder (SAP), Oboronglz, 1961, p 59-63) indicates 
a drop of strength of sheets with 10^ AI2O5 after Increasing 
the degree of cold deformation to more than 66^ (to 76^)# 

Obviously strengthening of sheets from SAP as a re- 
sult of cold deforration occurs not from crushing of the 
particles of the oxide phase, but due to work hardening of the 
aluminuTD matrix and formation of texture.  The stability 
of structure and properties at heightened temperatures of 
sheets frorr; SAP may be explained by the presence of highly- 
dispersed particles of the oxidized phase embedded In the 
aluminum matrix.  The particles of aluminum oxide serve as 
sort of barriers, preventing the recrystall!zatlonal pro- 
cesses. 
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Fig 12. Influence of degree of deformation and an- 
nealing on icechanlcal properties of sheets. 
— sheets without annealing, — sheets after annealing 

at 5S0C for 100 hours, x ~ sheets after annealing at 450C 
for 100 hours. 

a - Degree of deformation In % 

However the mechanism of hardening of sheets from 
SAP as  a result of cold deforrr.atlon and the stability of 
the structure of sheets at heightened temperatures can be 
more exactly explained only after a study of the block 
structure of the aluralnum matrix of the SAP produced with 
various degree of deformation, before and after high- 
temperature annealing (450-650C). 

Conclusions 

1. The structure of SAP consltutes an aluminum 
matrix with embedded dispersed particles of the oxide phase. 

2. With an Increase of content of aluminum oxide 
the quantity of particles of the oxidized phase increases 
and the distance between them decreases. 
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3. Properties of half-finished products from SAP 
depend on the distance between the particles of aluminum 
oxide, I.e. on the dlsperslveness of elementary particles 
of the alumlnuTB povder* 

4. The dimension, the quantity of particles of oxi- 
dized phase and the distance between them in sheets from 
SAP do not depend on the degree of deformation, but the 
ultimate strength of sheets at room temperature Is Increased 
with an Increase of the degree of cold deformation, which 
Is probably explained by work hardening of the aluminum 
matrix and formation of texture♦ 
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POEM AND DIMENSION OF PARTICLES OF ALUMINUM POWDER 
FOR OBTAINING OF HALF-FINISHED PRODUCTS FROM SAP 

(p 23 of source) 

M.G. Stepanova, N.I. Kolobnev, L.I. Klbltova 

For production of half-finished products from SAP we 
use aluminum powder of brand APS.  The process of Its manu- 
facture was described earlier,  (Hlgh-temo Material From 
Sintered Aluminum Powder (SAP)r Oboronorlz, 1961, p 17).  An 
Important feature of production of powder one should consider 
the fact that Increase of content In it of aluminum oxide 
occurs by oxidation of the new surfaces appearing during 
crushing of particles of aluminum, thanks to which the pro- 
perties of half-finished products from SAP are Increased. 
According to the majority of theories of hardening the oro- 
pertles of SAP are dependent upon the distance between dis- 
persed particles. Anc although the distance between par- 
ticles of aluminum oxide in SAP cannot exactly correspond 
to the thickness of the particles of powder, this deoendency 
nevertheless Is maintained.  (F,V. Lenel, A.B. Baskensto, 
M.V. Rese, J. of Metals, 1957, No 1, pp 124-130).  Therefore 
Investigators allot considerable attention to the form and 
dimension of particles of powder obtained by grinding of 
aluminum powder« 

In a ball mill powder of brand APS Is first ground 
(dimension of elementary particles should be less 75 mk), 
and then subjected to nodullzlng» 

During the study of Influence of duration of grind 
on dispersiveness and bulk weight of aluminum powder (di- 
mension of particles wa? checked by sifting through sieve 
0075) It was revealed that enlargement of elementary par- 
ticles and Increase of bulk weight of powder do not start 
simultaneously (Fig l). 

The bulk weight of powder starts to be increased 
after grinding for 16 hours while the dimension of particles 
becomes less 75 mk only after 24 hours. Obviously, In this 
case there occurs a change of form of the particles which Is 
notrevealed by screen analysis. Therefore the form of par- 
ticles was studied with the help of an electron microscope 
with aTpllflcatlon of 5000». «Study of form of particles 
on electron microscope was conducted under leadership of 
N.S. 3erchlkova. 

In order to trace the change of form of particles of 
powder, samples were taken every two hours in the process 
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of manufacture of povder on a ball mill« 
Before electron-irlcroscoplc lnve8tlgatlon the particles 

of powder were placed on a carbon film sublayer located 
In an electrostatic field. With the help of a copper grid 
this film wap secured on one plate of a flat capacitor, and 
on the other we poured a small quantity of powder. With the 
creation of the electrostatic field the particles of alum- 
inum powder were attracted to the opposite plate of the con- 
denser and fell on the carbon film. This method ensured 
separation of particles from each other and their uniform 
distribution on the carbon film without destruction of the 
nodulized particles of powder. 

4 $    12    f6   20   2.   28   X    36   W 
^/ImmejitHOcmt padMOJia 6 vac 

Fig 1. Influence of duration of grind on dispersive- 
ness of particles and bulk weight of powder« 

a - Duration of grind in hours 

On the electron microscope with amplification of 5000 
we studied samples of powders taken 4, 8, 14, 20t 24, 30 and 
34 hours after the beginning of operation of the mill. From 
every sample we obtained 10-15 electron microfotographs from 
which we calculated the average area (size) of the particle 
of powder» 

Part of the powder of this sample was subjected to 
chemical analysis for determination of the content of alum- 
inum oxide and oils, furthermcre we made a screen analysis. 

On Fig 2 are given curves of dependency of bulk 
weight of powder, residue on the sieve 0075f content of 
AI2Ö3 and average area of particles of powder vs duration 
of grind. 

In the process of grinding the bulk weight of powder 
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at first decreases, after 8010 hours It attains a minimum 
value of 0.18 g/cm3f then sharply Increases to 0.8-0.9 g/cm?. 
Further Increase of duration of grind only insignificantly 
Increases bulk weight. 

Dispersiveness of powder Is changed differently. In 
the beginning the remainder on the sieve 0075 somewhat drops 
then a further sharp drop and after 28 hours of grind again 
there Is observed a smooth rise. The average magnitude of 
area ^f particles of powder in process of grinding chancres 
analogous to the dist»ersiveness of particles as det^rnined 
by screen analysis. 
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Fig 2.  Dependency of aver^^e area of particles of 
powder, bulk weight, screen analysis and ccr.tent of A^Oj 
on duration of grind. 

a - Duration of crrind in hours 

On 
of partic 
On these 
particles 
ball mill 

In 
product 1 
of ^clten 
verizate 
(see Fig 

Fig 3-7 there are given electron photomicrographs 
les of powder after 4, 14, 24, 34 hours of grind, 
photographs one may see how the form of aluminum 
changes in the process of grinding powder in a 

the oroduction of powder of brand APS the Initial 
s aluminum pulverizate obtained by atomization 
aluminum.  The dimension of particles of pul- 

ls 100-450 mk, their form is close to spherical 
3). In the process of crushing tne particles of 
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aluminum, possessing hlaji plasticity, are deforrjed under 
blows of the balls, being turned into nlates of length 
40-90 rrk and width 12-60 mk (see Fig 4)f and then into very 
fine leaflets of length 30-150 ink, width 20-60 mk with a 
thickness less than 1 mk (see Fig 5). Flattening of par- 
ticles leads to increase of their surface (remainder on 
sieve 0075 sharply lücreases), which is accompanied by a 
drop of the bulk weight (see Fig 2). This process continues 
until the degree of work hardening of aluminum particles 
attains values at which the plasticity of aluminum sharply 
decreases. There occurs destruction (splitting) of flat 
or scale-like particles of aluminum into smaller particles 
of from 5 to 20 mk (see Fig 6). The remainder on the sieve 
0075 sharply decreases while the bulk weight is increased 
(see Fig 2). Increase of bulk weight in this case occurs 
by a change of form of the particles. In this stage of the 
process there is observed the maximum increase of the con- 
tent of aluminum oxide in the powder. The curve of the 
change of content of aluminum oxide vs duration of grind 
rises steeply upwards. 

mm NOT 
m 

Fig 3.    Photomicrograph of particle of aluminum 
obtained by atomizatlon,  x 200, 

S^K 

Fig 4.  Electron photomicrograph of particle of 
powderaftfr 4 hours of grind, x 5000. 
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Fig 5. Electron photomicrograph of particle of pov- 
der after 14 hours of grind, x 5000. 

/' 

In the process of grinding the oil is volatilized 
w ;ich makes possible the "joining" of separate elementary 
particles into bigger particles (conglomerates) (see Fig ?)• 
The enlargement of particles of aluminum powder is accompanied 
bv an increase of bulk weicht. 

r^ 

\^-' 

Fig 6.    Electron photomicrograph of particle of pow- 
der after 20 hours of ^rind, x 5000. 
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Fig 7. Electron photomicrograph of particle of pow- 
der after 34 hours of grind, x 5000# 

Thus, obtaining of powder of brand APS In a ball mill 
croes In three stages; 

1. The flattening of aluminum, obtained by atorrlzatlon, 
to form particles of petal-like form Is accompanied by work 
hardening, 

2. Splitting of petal-like particles of aluminum 
into smaller particles with dimensions of the same order In 
length and width.  The beginning of this stasre Is indicated 
by an increase of the bulk weight of the powder« 

3. Joining of the small particles of powder 1 ^o 
bigger particles, concdomeretes, I.e. nodullzlng of the 
powder. 
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SAP FROM SECONDARY ALUMINUM (p 28 of source) 

E.V..  LeVarenko, 3,N, Pokrovskaya, G.P. Zenkov, 
L.A. Sarul, N.I. Kolobnev 

Aluminum powder of brand APS Is prepared from primary 
aluminum of brands AC, A00.  Replacement of primary alum- 
inum by secondary will allow us to lower the application of 
secondary aluminum In production of SAP. It is necessary to 
Investlcate the mechanical properties and corroslonal sta- 
bility of half-finished products obtained from secondary 
aluminum.  With this ffoal, the technology of production of 
powder of brand APS was used to obtain an experimental lot 
of Dovder from secondary aluminum pulverlzate of the ATeV 
^rade with bulk weight of 1.15 g/cra {1.1%  AlgOj; 3.1%  SI; 
2.8H  Cu; 1.56%  Zn; 1.11%  Fe; 0.01^ Mn; 0.03% HgO, remainder 
Al). 

The duration of grind of the powder constituted 11 
hours, and nodulizlng took 36.5 hours.  As a result of this 
the content of AI2O3 in the obtained oowder was increased 
to 7.2%,   and the bulk weight to 1.44 g/cm3. 
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Fig 1. Mechanical properties of SAP from secondary 
and primary aluminum at heightened temperatures. 

a - SAP from primary aluminum; 
b - SAP from secondary aluminum; 
c - Temperature cf test in C. 
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From the obtained powder we pressed by the usual tech- 
nology rods of diameter ihm  for Investigation of their 
mechanical properties, corrosion stability and microstruc- 
ture.  (High-temp Material From Sintered Llumlnum  Pnwriftr 
(SAP), Oborongiz, 1961, p 5). 

On Fig 1 are given the mechanical properties of rods 
of SAP with 7^ AI2O3 from primary and secondary aluminum 
at heightened temperatures. 

At temperatures to 350C the ultimate strength of SAP 
from secondary aluminum is higher than SAP from primary 
aluminum: at 20C by 12 g/minS; at 200C by 4 kg/nm^. Begin- 
ning at 350C the ultimate strength of SAP from secondary 
aluminum is lower than the ultimate strength of primary 
SAP: at 400C by 1 kg/mm2f at 500C by 5 kg/mm2# 

The relative elongation with increase of temnerature 
of test from 20 to 150-2ÖOC increases from 4 to 7.5~&%. 
With further increase of temperature of test there is ob- 
served a drop of elongation from 8 to 3.5^. The elongation 
of SAP from secondary aluminum at temperatures to 100-120C 
is lover, and starting with 120 and to 500C is somewhat 
higher than SAP from TDrimary aluminum (see Fig 1). 

The sarre, unusual for SAP, character of change of 
elongation with increase of tenmerature was revealed in 
alloyed SAP {5%  Cu; 12^ AI2O3).  (High-temn Material From 
Sintered Aluminum Powder (SAP)f Oborongiz, 1961, p 113). 

During checks on corrosional stability, samples of 
SAP from secondary aluminum stood up in a medium of 3% 
NaClf 0.1^ HgOj for two months. Simultaneously in the cor- 
rosive medium there were placed samples of SAP from primary 
aluminum, pure aluminum, and the alloy D16 for comparison 
of their corrosional stability (see Table), Corrosional 
stability was determined by change of ultimate strength and 
elongation. 

As can be seen from the table, corrosional stability 
of secondary SAP is lower than that of pure aluminum and of 
primary SAP, which is explained by the presence in SAP from 
secondary aluminum of silicon, copper, zinc, iron. However 
secondary SAP possesses higher corrosional stability than 
the alloy D16, 

It is necessary to note that for SAP from secondary 
aluminum the characteristic (as for primary SAP) of smooth 
variation of the curve of dependency of ultimate strength 
with temperature of test is still retained, and the ul- 
timate strength of SAP from secondary aluminum, starting 
at 300C, exceeds the ultimate strength of the usual alum- 
inum alloys VD17, D16 and others. 



TABLE 

Mechanical properties of SAP from secondary aluminum, 
SAP from prinary aluminum,  pure aluminum, 

and alloy D16 after corrosion tests 

\{r Jko KOppOTSHH      1 tllOCJIC  KOpp03llll IdyifCllblUCHHC B H 

G" MarepHaJi 0» t      1 
% 

t      1 
% 

•• 1 

AOO I   n.6 34 12,0 34.2 Heri Htri 
^CAfl   N3  nepBHM- 
HOrO aJIIOMHHHH(7.5% 
Ar203) 

39,8 j     9.0 39.7 8.8 Hcit Hat 

f CAn H3 BTOpittHO- 
ro   aflioiiHHiifl    (7% 
AI2O3) 

43.6 1.3 40,7 1,2 7 HeiL 

^CnjiaB RIB 51,0 16.8 43,5 6.7 15 60 

a - Material; b - Before corrosion;  c - After 
corrosion;  d - Decrease in ^:  e - SAP from 
primary aluminum  (7#5^ AI2O3);  f - SAP from 
secondary aluminum {7% AI2O3);  g - Alloy D16; 
h - none. 

SAP from secondary aluminum has hicth ultimate strength 
thanVs to the finely-disp^r5?ed structure  and the presence of 
hicrhly-dlspersed particles of the oxide phase  (Fig 2)« 

Fig 2.    Microstructure of SAP rod from secondary 
aluminum, x 500. 
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The hlffh strength characteristics of SAP fron? secon- 
dary aluTnlnum once a^ain confirm the possibility of obtain- 
ing by methcds of r-ovder metallurgy of standard aluminum 
alloys with finely-disperred structure and high properties; 
this will allow us to avoid certain forirs of rejects during 
casting: liquation, columnar structure, large-crystal 
Inclusions of the  inter^etallics and others. 

Conclusions 

1. SAP with 7% A^O^, obtained from secondary alum- 
inum,  has at 20C Jg= 45 kg/min^ and S = h%;  at 300C ^=15 
Vg/mm2 and i= 6% and 500C  £g= 2,5 kg/mm2 and  S = 3^. 

2. Corroslonal stability of SAP from secondary alum- 
InuiP  is lower than for primary SAP, but  higher than for the 
alloy D16. 
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TECHNOLOGY OF EXTRUSION OF LAEGE-DIMENSION HALF-FINISHED 
PRODUCTS FROW SAP (p 31 of source) 

V.G, Kovrlzhnykh, Yu,N, Ponagaybo, V.T. Sverlcv 

(Enrin^erp V.M.  Bararchlkov,  V.A.  Tlkhomlrov,  &.F. 
Bul'Takov,  C.I.  Albert,  E.S.   Volkov,  3.1.  Pasynkov, 
K.V.  Kopytova,  E.R.  Romanova,   technician Z.A. 
Pavlenko TDaruicipated in this work) 

In the rranuf^cture of different half-finished pro- 
ducts from SAP we used the very sane equipment   (presses, 
furnaces,   savs,  etc.)  and tools   (dies)  press-plates,   etc.), 
which usually are used during pressing of half-finished 
nroducts from aluminum and its alloys« 

Heatinp- of briquettes  for pressing is carried out  in 
electrical resistance  furnaces with circulation and without 
circulation of air.     Briquettes were heated to  a temperature 
^20-5~0C,   and  in certain cases to higher temperatures.  At- 
te~pts to press  different forms of half-finished products 
frorr brlnuettes heated tc  a temperature lower than 500C 
always ended in failure:    the briquette would not extrude. 
Basic data on conditions and parameters of pressing are 
river  in Table 1*     Temperature of briquette constituted 
520-570C,   temperature of container was 430-450C. 

The process of pressing of half-finished products 
from SAP is connected with certain peculiarities, caused 
by the nature of the material. 

The briquette before  pressing should be heated to a 
te-oeroture hither than  500C.     At lower temperatures 
it  Is impossible to  conduct the  process  since the  resistance 
to deformation of the weakly heated material is too  great 
and specific pressures  In the deformation regions  are in- 
sufficient. 

However heatincr of briquette before pressing to  a 
temoerature higher than 500C  still is not  a sufficient con- 
dition to ensure  flow of the. material.    Very frequently, 
even with heatin«? of briquette before pressing to 520-530C,the 
process of extrusion does not start if the force on the 
plunder increases  slowly.    In the beffinnins: of the process   of 
extruding during slow build-up of load on the plunger,  there 
occurs  p.  slow additional settling of the briquette in con- 
tainer,   in the course of which there is a gradual Increase 
of the  surface of contact of the briquette with the die and 
the nlunp-er of the  container. 
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Table 1 

-. ■ xt&fisfmHMet*?** WtmUMtatBiFmna 

H'ii:«ciioiißKiiC 

Ox   MM 

Pa3MCp 
CpMKCTa 

MM 

|/lHaM€Tp 
KOHTCK- 

Hcpa 
MM 

KO.IH- 
HCCTPO 
0*1 KOD 
n Mat- 

CTeiiciit 
Jie^op- 
MaUKII 

(JjiiUMeiiT 
P»!TI!)K- 

|L,f:OpOCTl. 
HCTC'ie- 

MJMUH 

Hojioca K> 

12X100X2500 
25X210X400 

27X95X4000 

30X240X3000 

FlpyTOK t 

0 45X5000 

050X4000 

0 50x5500 
0 120X6000 

0 130X5000 

0 170X8000 
HojiocaC 

30X405X12000 

O 135x250 140 I 92 12.8   j 
0 2C0X450 285 {      1 92 12.3 
0 2GOX45O 285 2 92 12.4 
0 260x450 285 1 89 S.9   | 

0 260X450 285 3 92 12.3 
0 260X450 285 3 91 10.8    |{ 
0 260x450 285 2 94 16.2 
0350x650 370 I 90 10       | 
0 350x650 370 1 88 8.5   | 
0500x900 520 I 89 9.3 

0 500x900 520 1 94 17.4    j 

8-10 
8-10 

8-10 

8-10 

8-10 

8-10 

8-10 

4-6 

4-6 

4-e 

e-8 

a - Designation and dimension of half-finished 
products"mm; b - Dimension of briquette mm; 
c - Diameter of container mm; d - Quantity of 
openings in die; e - Degree of defornation & 
f - Coefficient of draving; g - Exit velocity 
m/min; h - Strip; i - Rod. 

Since between the briquette on the one hand and the 
container plunder and the die on the other there always 
exists^a temperature drop (100-120C) then as the briquette 
shrinks it Is cooled. Wien the compaction of the briquette 
is finished, and specific pressures In the material of the 
briquet : attain their maximum values, the tempersture of the 
briquette is strongly lowered and instead of 520-530C be- 
comes lower than 500C. With such a temperature of briquette 
the process of extruding Is not able to start. During fast 
loading of the plunger the temperature of the briquette does 
not descend lower than the limit ensuring initiation of flow 
of the briquette through the die. With beginning of flow the 
temperature of the briquette starts to increase rapidly due 
to the very large themal effect of deformation and flow 
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of the Material continues to termination of extrusion» 
Lubrication of the tool facilitates pressing, therefore 

a high speed of application of load on the plunder in the 
beginning of pressing is not required. 

There exists an upper limit of speed of pressing of 
half-finished products from standard aluminum alloys. 
Above this linit the surface of the article starts to crack, 
and with a further Increase of speed of pressing the con- 
tinuity of the metal over the entire section is destroyed. 
During pressing of half-finished products from SAP there is 
observed the inverse: with small exhaust velocities (prac- 
tically lower than 4-5 m/mln) on surface of the half-finished 
product, as a rule, there appear cracks, with hioh exhaust 
velocities (higher than 4-6 m/mln)  this defect in  absent and 
the pressed article has a smooth and brilliant surface. On 
Pig 1-2 are given photographs of strip of section 30 x 405 
mm and rod of diameter 170 nwi, pressed with si*all exhaust 
velocities, while on Fig 3-4 are shown the sane articles, 
pressed with hifrher speeds. 

Ci3 OS 

Pig 1. Strip 30 x 405 mm pressed with low ex- 
haust velocity. 

Existence of a connection between formation of cracks 
and srrall exhaust velocity is confirmed also by the presence 
of these defects on the leading ends of many articles, pres- 
sing of which was conducted with speeds to 10 m/mln.    Ho 
matter how high the rate of increase of pressure on the 
plunder in the beginning of pressing, the flow of the leading 
end always starts with speeds< 4 m/mln, therefore on the 
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leading end of half-finished products there are formed cracks. 
Subsequently^ when the speed Is Increased, extrusion pro- 
ceeds normally. PresRiirg v/lth hlph speeds always is ac- 
companied very large heat emission. The material during 
pressing is heated so much that a pink glow appears. Com- 
parison of these facts gives a basis to assume that the 
cause of appearance of cracks is the low plasticity of ma- 
terial, with insufficiently high temperature of the die 
outlet. 

However this question has had little study, therefore 
exact indication of the mechanism of crack formation is im- 
possible. Obviously between low temperature, low plasticity 
and ability of the material to bind there exists a definite 
interconnection. 

Fig 2. Rod of diameter 170 mm, pressed with 
low exhaust velocity. 

It is necessary to consider that excessive increase 
of speed of pressing, especially during manufacture of larere- 
aimension articles, can evoke destruction of another type. 
On Fig 5 is represented a photograph of a section of rod of 
diameter 1*^0 mm, on which there is a conspicuous longitudinal 
crack. This rod was nressed with an exhaust velocity of 
more than 10 m/^inute. IrotDediately after pressing Its sur- 
face was clean, smooth, without defects, as a result of the 
strong heating it had a pink glow. 



Fig 3. Strip 30 x 405 nint pressed with high 
exhaust velocity. 

Fig 4. Rod of diameter 170 TUT, pressed with 
hiprh exhaust  velocity. 

Several minutes  after terrlnation of preesing^on the 
surface of the  rod there was  formed  a longitudinal  crack 
which gradually  spread to  approximately 3/4 length of the 
rod.    Increase of length of  crack was also accompanied hy 
widening.    Through the forced crack there were seen the 
red-hot internal layers of metal.     Simultaneously with the 
formation of the crack the  surface of the rod was covered 
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by bubbles. 
Cause of the appear&nce of bubbles could be the evolv- 

ing of gases as a result of strong heating while fornjatlcn 
of the cracks apparently is connected with the action of 
stretchina stresses which appear in the outer layers of the 
rod during cooling fro« the surface. 

It is necessary to note that pressing with moderate 
speeds of rods of large diameter did not evoke the anpearance 
of bubbles or cracks. 

One of the peculiarities of pressing of half-finished 
products from SAP        is that the quality of their sur- 
face varies along the length: approximately over the last 
third of the half-finished product approaching the trailing 
end there is an increased quantity of surface defects. While 
the outlet end and middle of tho half-finished product have 
a h\fTh  quality (sometimes even mirror) surface, especially 
with sufficiently hip;h depress of deformation, on the trail- 
ing end there frequently appear quite deep scratches and 
scaling which are the result of the remaining material ad- 
hering to the die near the working region. 

Fig 5. Longitudinal crack and bubbles on rod of 
diameter 120 mm, pressed with exhaust velocity more than 
10 m/minute. 

During pressing of half-finished products from SAP 
on the inner surface of the plunger of the container there 
always is an aluminum  ''sleeve11 remaining from pressing of 
ingots of aluminum alloys.    In the initial moment of pres- 
sing,  when flow of material occurs from the central volume, 
the extruded article has an even,  smooth surface.    With the 
decrease of volume of briquette,  part of the "sleeve" metal 
is drawn into the region of deformation in the  form of a 
thin layer between the moving volumes of metal and ttfe 
stationary "dead volume" located at the die.    On exiting 

^9 



fror the die openlxiF the layer of aluminuin Is on the surface 
of the extruded half-finished product In the form of a thin 
sleeve (stratification)• 

By virtue of a number of causes the flow of the alum- 
inum 'sleeve11 can start unsimultaneously from all aections 
of thv5 surface of the plunder of the container, can at any 
time suddenly cease in a particular section, etc« In these 
cases a noruniform surface of the articles is obtained« 
Sorretimes aluminum "sleeve" is scaled from the surface of 
article or is inflated into bubbles. Although this kind of 
stratification is easily removed and does not influence the 
o.uality of the articles themselves the appearance of the half- 
finished products is poor. 

Vhen pressing approaches termination and the press- 
vasher, advancing forward, attains the "dead volume", there 
starts a flow of material from this volume no longer as a 
result of a shift of the boundary of the shearing strains 
(surface of matrix funnel) into the depth of the "dead 
volume", but due to slip of material alonn the end surface 
of the die and t^ere occurs flow of material from the zones 
directly adjacent to the orifice« 

During pressing of half-firished products from the 
aluminum alloys this ohenomenon is also encountered; metal, 
ensuing from the "dead volume", being separated from the 
basic volume by the discontinuous oxidized film, is so 
tightly welded with the basic metal that frequently one can 
determine the boundary only on a carefully prepared and 
etched slide. In those cases, when for some reason or other 
between these volumes of metal there is lubricant, dirt, etc., 
weldinp: does not occur and the stratification  is separated 
easily and freely« 

firing pressing of half-finished products from SAP 
the material of the "dead volume" turns out to be separated 
from the basic material of the briquette by a comparatively 
thick layer of aluminum, durable welding between them does 
not occur and very frequently the surface layer is separated 
immediately upon getting out of the die. Since the scaling 
usually is of significant thickness (from 1 to 10 mm depend- 
ing upon dimensions of half-finished products) the nart of 
the article on which scaling appears is rejected« 

Data obtained as a result of Investigations conducted 
(Table 2) shew that the technology of pressing of half- 
finished products from SAP differs from the technology of 
pressing of standard aluminum alloys. 

Pressed half-finished products from SAP at room 
temn^rature  have co^rjaratlvely high strength and elonscation. 
With Increase of temperature  of tests the  strength charac- 
teristics and elongation are  lowered.    One may assume that 
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the ultimate strength with Increase of temperature In the 
Interval 20-5003 decreases linearly, on the average by 
r kg/mm^ for every 25C. At temperatures higher than 350C 
the strength properties of pressed articles from SAP are 
higher than articles from any other aluminum deformed alloy« 

The strength properties of a large part of the half- 
finished products from SAP (especially strip) pressed with 
a sufficiently high degree of deformation are practically 
independent of direction of pressing, annealing for 100 hours 
at a te^Dersture to 500C, holding at temperatures to 500C 
for 580 hours under a stress equal 50% of the ultimate 
strength of the material at the temperature of annealing. 

The strength properties of half-finished products 
at room temperature are affected by technological factors 
and also by the content of aluminum oxide in the material. 

mm mi 
REPRODUCIBLE 

Fig 6. Point inclusion in rod of diameter 
50 mm, x 100 

The surface of etched macrographs is monotone matte 
with a large quantity of black point inclusions of dimension 
to 1 mm (Fig 6). Investigations have established that the 
point inclusions have microhardness (with a load of 50 kg) 
of 600-700 kg/mm^ and react positively to iron in a check 
by the liquid-drop Tethod. It is possible to assume that 
there Inclusions arf particles of ferrous metal, which 
entered the powder during grinding as a result of destruc- 
tion of the balls and Internal sheathing of the ball mill. 

The microstructlon of the material does not have any 
signs of granular structure. On the white matrix of alum- 
inum there are seen evenly distributed particles of the oxide- 
phase. 

On longitudinal mlcrosectlons one may see the clearly 
defined filamentary location of oartlcles of the oxide ohase 
(Fig 7). 
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^   Pig 7. Mlcroetructure of pressed half-finished pro- 
duws from SAP. 

a -Slonffltudlnffal slide; b - transverse slide, x 130 

Conclusions 

Lara^*dlTDenslon pressed half-finished products from 
SAP can be obtained on existing press equipment by the 
method of hot Dyrlquettlng» 

Vlth correct selection of conditions for pressing 
(temperatures of\eatlng and speed of pressing) the tech- 
noloay of hot brlq^ettlng ensures otood quality of the half- 
finished products, Bubbles and internal stratifications In 
the material are completely absent« 

Usin^ the developed technology we produced experimen- 
tal lots of different pressed half-finished products from 
SAP: rods of diameter from 45 to 170 mm and strip of sec- 
tion to 30 x 405 mm» 
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INFLUENCE OF KEATING OF ALUMINUM POWDER BEFORE BRIQUET- 
Tim  ON MECHANICAL PROPERTIES OF PRESSED HALF- 

FINISHED PRODUCTS (p 41 of source) 

P,V, Klshnev, E.A. Kuznetsov, P.T. Vlaeova 

As we Vnov,  aluminum povder contains a large quantity 
of sources of ^asf which are the oils added during crushing 
of the powder In ball mills, and moisture. The very large 
specific surface and high hydroscoplclty of aluminum oxide 
lead to significant saturation of aluminum powder by mois- 
ture and formation of the hydrate of aluminum oxide A1203» 
3H20« At temperatures of the order of 450-550C there starts 
decomposition of the hydroxide and Interaction of It with 
the aluminum by the reaction 

2Al+3H20-AIA+3n2+Ql 

which leads to additional oxidation of the aluminum and 
evolution of hydrogen. If the decomposition of the hydroxide 
occurs In a compact material, the evolving hydrogen causes 
swelling. Consequently, for obtaining from SAP finished 
articles of good quality It is necessary in the process of 
manufacture jf the material to create favorable conditions 
for removal of gases. Earlier existing technology, which 
included the following basic operations: cold brlquetting, 
prepressing of briquettes at 450-500C and pressing at 450- 
550C, did not ensure a sufficient degree of degassing of the 
material and therefore in a number of cases during pressing 
and especially during rolling of half-finished products 
there appeared internal stratifications and bubbles on the 
surface» 

Heating of the powder before brlquetting at definite 
temperatures should, probably, to a significant degree 
promote destruction of the sources of gas thanks to burning 
out of oil and decomposition of the hydroxide. Forming gases 
can freely depart through numerous pores« 

For the purpose of determination of optimum conditions 
of heating of powder before brlquetting, ensuring a sufficient 
degree of degassing and good mechanical properties, heating 
of powder was carried out over a wide Interval of temperature— 
from 100 to 600C (every lOOC), 
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For Investigation we used aluminum powder of brand 
APS with content from 7.1 to 16.0% AI2O3. The technology 
of manufacture of pressed half-finished products was the 
following: heating of powder before briquetting, briquet- 
ting in container heated to 420C, prepressing at 450-500Cf 
and pressing at ^50-550C. 

Briquetting, compacting and pressing were perforaed 
on a horizontal hydraulic press with a force of 300 T in a 
container of diaineter 70 mm. Heating of powder was carried 
out in an electrical resistance furnace without circulation 
of air« 

£   20  100   200   300   *00   5M   600 
t-Tettnepamypa nazpeda nydpu 6 *C 

Fig 1. Chanrre of content of aluminum oxide in 
powder of brand APS. depending upon tem- 
perature of heating. 

a - Content of aluminum oxide in jf; b - Tempera- 
ture of heating of powder in C, 

1      WO   200  300 m  500   600 
Jrlermtyamypa HOipeSa nydp* 6 *C 

Fig 2. Change of quantity of oil in powder APS 
depending upon temperatures of heating, 

a - Content of oils in )<; b - Temperature of 
heating of oowder in C, 
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During heating to 100, 200, 500 the time constituted 
15 mln, during heating to 400, 500, 600 It was 15 mln, 1 
hour, 5 hours. In the process of heating a sample: vas 
taken for determination of content of aluminum oxide and oils. 
On Fig 1 Is shown the change of the content of AlpOj depend- 
ing upon temperature of heating of powder of two lots. In- 
tensity of oxidation In the Interval 100-600C with holding 
for 15 ^ln at every temperature does not depend on the con- 
tent of aluminum oxide in initial powder* With Increase 
of temperature to 600C the quantity of AI2O3 Increased by 
2.5-3.05? as co-npared to the initial state. Content of oils 
with increase of temperature to 300C decreased, further 
increase of temperature to 600C did not lead to change of 
content of oils in powder (Fig 2). 

For determination of degree of degassing of material 
in the process of heating of powder^ samples were cut from 
briquettes, billets and pressed half-finished products. 
Change of quantity of gases depending upon temperature and 
duration of heating was estimated by content of hydrogen, 
inasmuch as the latter is the product of disintegration of 
moisture and oils. Definition of content of hydrogen was 
carried out with help of heating in vacuum and analysis of 
gas mixture by the volume method» The analyzed sample was 
heated to 800C. 

Wc 
ia*$u/&7t QjjaaTMfrg  Q-/jKccoÄwftw «WOM 

Fig 3. Change of content of hydrogen in bri- 
quettes, billets and pressed half- 
finished products depending upon tem- 
perature of hesting of powder and time 
of holding. 

a - briquette; b - billet; c - pressed strip; 
d - hours 
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In Table 1 and on Pig 3 are given results of the gas 
analysis of briquettes, billets and pressed half-finished 
products. 

Table 1 

.^-TeMnepaTypa Harpcaa ■ *C 

BMAU   Maiephajia 
400 I 500 T 600 

C^   SMACpMHCa U HOC 

Ol coAepncaHHe Boaopoju  ■ % 

CEpHKeru 

P3aroTOBKH 

QnpcccoBaiiHue nojiy 
0   (JjaopHKaiH 

0.039 0.022 0.020 0.014 o.oii 
— 0.020 ,   0.023 0.015 0.090 

0.025 0.015 0.023 0.012 ^fc-p 

0.002 

0.002 

0,0018 

a - For^s of material; b - Temperature of heating 
In C; c - holding In hours; d - contont of hydro- 
gen In jS; e - Briquettes; f - Billets; g - Pressed 
half-finished products. 

With Increase of ternpersture of hecting of powder 
before brlquettlng from 400 to 600C the content of hydrogen 
In briquettes, billets and pressed half-finished products 
decreased to a significant degree. The least quantity of 
hydrogen was revealed in pressed half-finished products ob- 
tained fro^ powder preliminarlly heated to 600C and held 
at this temperature during 5 hours. 

It is necessary to note that heating of briquettes 
before compacting and presslner promoted rerroval of erases 
only in the case when the powder was heated to a lover tem- 
perature.  In the briquette obtained at 400C with holding 
durinr 1 hour and 5 hours the content of hydrogen consti- 
tuted 0.039 and 0.022 %  correspondingly, and In the pressed 
half-finished products — 0.025 and Ö.0155i. Heating before 
co^pactin? and pressing to 500C led to additional degassing 
of the material. 

If brlquettlng Is done at 500 and 6C0C, I.e. with 
those same temperatures as compacting and pressing (or above 
by 100C), additional degassing does not occur. Thus, an- 
nealing of powder before brlquettlng from the point of view. 
of degassing is expediently conducted at 600C. Holding time 
at this temperature obviously will depend on dimensions of 
briquettes. The larger the dimension of briquette, the 
longer the time required for removal of gases« 
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Content of aluirlnuin oxide In pressed half-flnlöhed 
products is aliroBt independent of temperature and duration 
of heatinpr in the interval 400-600C (Table 2), while the 
quantity of aluminum oxide in the powder continuously in- 
creases with an increase of temperature from 100 to 600C, 
as was shown above. 

Table 2 

TcMaeparypa iiarpena «0 no «00 

BpCMI tUACpJKKM • MC 1 S i S 1 S 

CoiepvaRHe    Al.O, 
• ■DCCCOMNHUX tlOA}- 
^•^pNKifas a % 

9,02-9s27 
• 

9.03-8/0 8.57   0.55 9.34-9.36 9.46-9.67 10.37-10.78 

a - Temperature of heatinff in C; b - Time of 
holding in hours; c - Content of AI2O3 in 
pressed half-finished products in %. 

The mechanical properties of pressed half-finished 
product.s are represented in Table 3. Ultimate strength 
and elongation were not changed with increase of temperature 
of heating of powder to 500C with duration of 15 minutes. 
Further increase of temperature to 600C evoked an insig- 
nificant drop of ultimate strength — by 1-2 kg/om^ and in- 
crease of elongation by 0.8-l,0^ On Pig 4 is shown the 
change of mechanical properties of pressed half-finished 
products depending upon temperature of tert (briquetting 
at 100 and 600C). Character of change of ultimate strength 
and elongation in each case is identical. However at 100C 
the ultimate strength is somewhat higher and elongation is 
lower than at 600C. 

An essential influence on mechanical properties was 
shown by the duration of holding of powder at high tem- 
peratures. Holding of briquettes for 5 hours at 600C (Fig 5) 
brought a drop of ultimate strength at room temperature of 
5 kg/mmS and increase of elongation of 5.5%. 

With increase of temperature of heating of powder 
from 400 to 600C the ultimate strength of samples tested at 
500C is lowered by 2 kg/mn»2 and elongation is increased by 
4# (Fig 6). Such change of mechanical properties is im- 
possible to explain only by decrease of content of gases in 
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Table 3 

TcMne- 
psiypa 
OpaKe- 
THpona- 

HHR 

Co#icp- 

A^Oa 
% 

ft/ 

ÖU   TcMiicpatypa IICIIKTCMII« ft mC 

20 250 [        350 500 

tcriMM* I % ft % ft % 
•• 

ft % 

100 10.5 
16.0 

38.5 
42.8 

7.0 
2.8 

22.5 
25.3 

4.0 
3.1 

17.9 
20.6 

1.7 
1.5 

10.4 
9.0 

1.2 
0.4 

200 10.5 
16.0 

39.2 
43.0 

7.0 
3.3 

22.6 
24.2 

3,3 
3.2 

18.2 
19.9 

3.2 
1.7 

10.5 
12.4 

1.2 
0.8 

300 10.5 
16.0 

37.5 
42.8 

9.3 
3.4 

22.0 
24.0 

3.8 
3.3 

17.0 
21.2 

4.1 
1.7 

10.4 
12.5 0.8 

400 10.5 
16.0 

38.0 
41.4 

8.2 
3.5 

22.2 
21.1 

4.3 
3.1 

17.2 
|   20.4 

3.3 
1.5 

11.2 
12.0 

1.7 
0.8 

500 10.5 
16.0 

37.6 
42.4 

7.2 
3.2 

22.5 
23.6 

4.0 
2.4 

17.3 

1   20'6 
2.8 
1.5 

10,4 
11.4 

1.6 
0.8 

600 10.5 
16.0 

36.4 
41,2 

8.2 
3.3 

21.9 
'   23.7 

6.3 
2.3 

16.4 
20.0 

4.5 
1.3 

i   U.3 
12.0 

1.8 
0.8 

a - Temperature of test In C; b - Temperature 
of brlquettlng C; c - Content of AI^O*^ 

pressed half-finished products and all the more by increase 
of content of A^Oj, since the latter usually leads to 
lowering of plasticity. Obviously, this is connected either 
with removal of internal stresses or with the partial re- 
crystallization, occurring in the powder during heatlngf 
inasmuch as in thf process of crushing of the powder in 
ball mills there is work hardening. Thus, by correct selec- 
tion of conditions of heating of powder there can be obtained 
pressed half-finished products of high quality with good 
mechanical properties. Hot brlquettlng allowed us to obtain 
a briquette of high density (order of 2.5-2«7,g/cm3)f while 
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with cold brlquettln* the density of briquette constituted 
1.7-2.0 g/cnM. Therefore the operation of precompactlngt 
necessary during cold briquetting, can be excluded from the 
technological process. The method of briquetting does not 
have any Influence on the mechanical properties of pressed 
half-finished produces (Table 4). 

0       WO   200   300   400   500 
Q/etwepairypa ucntimoHu* ö C 

Pig 4.    Change of mechanical properties of pressed 
rods from SAP depending upon temperature of test (temperature 
of brlquettlng of powder 100 and 600C). 

a - Temperature of test In C, 

n 
2« 

* 

_J rfc 

wo wo m 
Cjtennepamypa om*uza nydpu ö C 

Pig 5« Influence of temperature and duration of 
heating of powder before brlquettlng on strength and elon- 
gation of pressed strip at a temperature of test of 20C. 
x — holding for 5 hours, -- holding for 1 hour, 
a - Temperature of annealing of powder in C. 
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6 
i<6 

2 
0 

i 

r—^ 1              *      -^^l 

1           ^ * 
^^^   \                \ 

L. r              \             J 
4^ J0O W 

^T^finepajnypa nazpeOG nydpht Q C 

Fig 6,    Influence of temper&ture and duration of heat- 
ing of povrder before brlquetting on strength and elongation 
of pressed strip at a temperature of test of 500C.    Time of 
holding — 5 hours. 

a - Terrperature of heating of powder in C 

Table 4 

Tcwnepaiypa 
«-'     ÖpMKCTHpOBaHHH 20 500 

-ft" MexammecKHe CBofictsa 
nony^aöpiiKaron . 

U :.riMM* I % O^  Kt/MM- 1 S 
1              „" ,.* 

&   XOJIOAHOe   6pHKCTIipOBa- 
mie 

^BpHKeiiipoBaHHe nyxpu, 
HarpcTOH AO  480—500° 

29.3 

29.5 

12.7 

12.0 

6.8 

7.6 

1.8 

2k2 

a - Temperature of briquettlng; b - Mechanical 
properties of half-finished products; c - Cold 
briquettlng; d - Briquettlng of powder heated 
to 4eo-500C. 

Conclusions 

1. Heating of powder before briquettlng promotes 
degassing of the material. Least quantity of gases is 
revealed in powder held at a temperature of 600C for 5 
hours• 
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2.    Mechanical properties of pressed half-finished 
products do not depend on temperature of heating of powder 
up to 500C, Increase of temperature to 600C leads to lower- 
ing of ultimate strength and Increase of elongation« 

3« Brlquettlng of heated powder allows us to obtain 
monolithic high-quality briquette with a density of 2.5- 
2.7 kg/co3# This «Ives the possibility of excluding the 
operation of precompactlnf; which Is necessary during cold 
brlquettlng, as a result of which there la decreased work 
of the press equipment« 
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ROLLING OF SHEETS FROV  SAP (p 48 of source) 

M.F. Zakharov, P.V. Zhuravlev, S.I# Noüiofllov, 
V.A. Shelamov 

Earlier research works allowed us to determine the 
basic parameters for rolling of sheets of SAP from pressed 
strip,. However the limited dimensions of the pressed billet 
(maximum section of strip 30 x 240 mm) in the first stage 
of the study gave the possibility of rolling from this ma- 
terial sheets of thickness 0.8-2,0 mm, width not more than 
600 mm and length to 1500-2500 mm. Hot rolling was con- 
ducted on a two-high mill with preheating of rolled stock 
after every passage. 

Such technology of rolling SAP turned out to be ex- 
tremely complicated and cannot be recommended for serial 
production. To provide an industrial assortment of sheets 
from SAP and the possibility of use for hot rolling of 
more powerful equipment (three-high mill) It was necessary 
in the first place to resolve the pr xLero of obtaining on 
existing press equipment wider strip from the SAP. Strip 
of section 30 x 240 mm was prepared on a horizontal hydraulic 
press (5000 T) at a specific pressure of 40-60 kg/mn^. 
Diameter of operating plunger was 306-360 rm. 

For manufacture on this press of wider strip of SAP 
use of a container with large diameter of plunger (420 mm) 
is not possible since the maximum operating pressure will 
not exceed 30 kg/mn^ 

Inasmuch as containers with rectangular plungers 
(flat containers) allow us to obtain significantly larger 
working specific pressures with the same power of press, 
for obtaining wide strip of SAP we designed and prepared two 
special flat containers: a) for cold brlquetting with 
section of plunger 140 x 535 mm, length of working part of 
plunger 1240 mm, actual stress in container 59.5 kg/nnnS; 

b) for hot compacting of briquettes and pressing 
of strip with section of plunger 155 x 550 or 170 x 570 mm 
with length of 1540 mm and actual pressure in container 
52,0 lcg/miB2, Thid^ container has induction heating of the 
working plunger. 
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PRESSINO OF WIDE SAP STRIP 

The b»8l8 of the technology of production of wide 
strip from SAP Is the method of cold brlquettlng» For this 
purpose powder of brand APS-1 (with content of 6«5-8.55t 
AI2O3 and volumetric weight 1,1-1.4 6/cn3) was poured Into 
containers of sheet aluminum {& s 1.0 mm) of dimension 
125 x 52 x 900 mro. The surface of containers Is corrugated 
(Fig 1). Weight of containers filled with powder was ap- 
proximately 60-90 kilograms. Before brlquettlng the surface 
of the containers were covered by lubricant of a mixture of 
liquid glass and graphite. 

Fig 1, Flat container of sheet aluminum of dimen- 
sion 125 x 520 x 900 mm. 

At a specific pressure of 50-60 kg/mn2 the density 
of the cold-pressed briquette attained 2.3-2,5 g/cm3# 

On Fig 2, is depicted a flat briquette, obtained by 
the method of cold briquetting. Dimensions of briquette 
are 145 x 535 x 450 mm, weight about 80 kilograms. 

The following technological operation — hot compac- 
tion of the briquettes — was performed in a flat container 
with plunger section 155 x 550or 170 x 570 mm. Before com- 
pacting, the briquettes were heated in an electric resistance 
furnace at different conditions (sustained 4-6 hours at 430C, 
12 hours at 470C and 5 hours at 550C). 

We compacted the hot briquettes in a container heated 
to 410-4200 at a specific pressure of 45-52 kg/mm2. Density 
of stock after compaction constituted 2.6-2,7 g/cm3. 

To remove the remainders of container metal from the 
stock they were machined on sides and edges, removing a 
layer of shaving of thickness to 5 mm. 
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Inspection of machined stock showed that the best 
were those from briquettes heated to 550C. On the lateral 
faces of the majority of the others there were cracks of 
depth to 30 mm. 

Fig 2. Briquette obtained by method of cold briquet- 
ting. Dimensions 140 x 535 x 400 rm9  weight 80.0 kilograms. 

On Fig 3 are shown two flat billets of SAP prepared 
for pressing of strip. Thickness of billets Is 140-155 
mm, width 535-.550 ram and height 270-370 mm. Weight of 
billet after machining is 60-75 kg, percent of removal of 
metal in shaving (taking into account weight of container 
metal) is 8-12*. 

Pressing of strip SAP of section 30 x 410 mm was 
perforrned from the same containers in which briquettes 
were compacted. In all we made 12 strips« 

Conditions of Pressing 

Temperature of container 410-4500 
Temperature of billet during charge 

into container c .420-4500 
Maximum specific pressure during 

pres l Ag  . * 42-48 kg/mm2 

Exit velocity 1.8-2.6 and 
6.0-8.0 m/mln 

Coefficient of drawing during pressing«.7*4 

Results of work on cold briquetting, hot compacting 
and extrusion of wide strip from SAP in flat containers on 
a horizontal hydraulic press (5000 I) allow us to make the 
following conclusions» 

Cold briquetting of SAP in flat cans in a specially 
prepared container (without heating) with section of plunger 
140 x 535 oro gave the possibility of obtaining flat briquet- 
tes of weight to 90 kg without surface defects; density of 
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briquet«es constituted 2.3-2.5 g/cm5. 
briquettes before compaction have to be heated to 

550-6000. In the process of heating, appearance of defects 
was not observed. 

The exit velocity during extruding should be not less 
than 7.0-8.0 m/iDlnute. 

From billets obtained by compaction of briquettes and 
heated to a temperature below 550C, and also from billets 
pressed at an exhaust velocity of less than 7*0 m/roln, we 
obtained strip of unsatisfactory quality with breaks along 
the width and cracks along the edges. 

Pig 3. Billets of SAP after machining of hot-pressed 
briquettes, prepared for pressing of strip. Dlmerslons 
150 x 5^0 x 320 mm; weight 72.0 kilogram. 

On Fig 4 Is shown a macrotemplet of pressed strip 
SAP of section 30 x 410 mm. 

«APT 
REPI 

Pig 4* Macrotemplet of strip SAP of section 3C x 410 
nm. 

ROLLING OF WIDE SHEETS OP SAP 

Pressed strips of SAP of section 30 x 410 mrr and 
length to 1700 mm were marked and cut to sheets of length 
to 650 mo.    Before hot rolling the sheets were heated for 
6-7 hours to 460-4800 In an electric resistance furnace. 
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Rolling was done on a trio mill with rollers heated 
to 80-100C. Diameter of rollers was 725 mr» length was 
1750 mm, speed of rolllr? was 1.41 m/sec. At lubricant 
during rolling we used the utnal emulsion applied in rolling 
of aluminum alloys» 

In the first passes the SAP sheets were rolled along 
the txis of pressing to the required width of stock (900- 
1300 mm), then the sheet was turned 90° and rolled In thi 
final dimension to thickness of 4-5 mm after 7-?9 passes 
with a decree of reduction per pass of 15-25^. Thickness of 
stock after hot rolling was 4-5 mmf width was 700 to 1300f 
lencrth was 1Ö00 to 1500 mm. 

The external appearance of sheet rolled on the 
trxo mill was fully satisfactory. However along the cut 
edges of the sheet9düe to low plasticity of the pressed atock* 
durlncr the first passes there were formed cracks of depth 
to 20-25 mm. Before subsequent trertment these edges and 
ends were sheared off. 

Before cold rolling the stock was first annealed 
at 440C to show up bubbles, stratifications and other de- 
fects, then etched in a 15> solution of NaOH, brightened 
in a 10^ solution of HNOj and washed in water. 

After etching the hot-rolled sheets were subjected 
to inspection of the surface for small defects. On detec- 
tion of bubbles, scales, delaminations, point inclusions 
they were clesned off. Cleaning was done manually — by 
scraper or metallic brushes. 

Cold rolling of sheets of SAP was conducted on duo 
mill with rollers of diameter 750 mm and length 2000 mm 
(profile of barrel 0.0? mm). Speed of rolling V s 1.1 m/sec• 
As lubricant we used transformer oil. 

All finishing operations (straightening and cutting 
of sheet to final dimension) were executed on existing 
workshop equipment. 

Sheets of experimental lots of SAP had the following 
dimensions (in mm): 

thickness        width       length 

\5-s-2.0 ma+1200 MN4S00 
M4.1.0 WO+800 1500+2000 
0.5+0.6 500+000 1500+3000 

Cold rolling on existing equipment of experimental 
lots of sheets of SAP allowed n»  to make the following 
conclusions. ' 
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Cold rolllne should be conducted with reduction not 
exceeding 3-55^ t)er pass. With in -ease of degree of reduc- 
tion the bearings and neck of rollers are heated rapidly, 
the profile of the roller changes and due to nonuniform 
drawing of the metal there are obtained deep lateral or 
longitudinal fissures on tne sheet« 

During cold rolling of sheets of thickness 1.5-2-0 
mm  and width 1000-1200 mm there were observed variations 
of thickness exceeding the allowable limits. The middle of 
the sheet is sicmificantly thicker than the edges, on some 
sheets the difference of thickness attains 15-20^. In the 
future during serial rolling of wide sheets of SAP it is 
necessary to select a suitable profile of taper of the rol- 
lers. 

tiKT/rttl* 

J8 
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X 
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13 
10 
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[J.5 
\3ft 
2,3 
2.0 

33        30        Si        70        73 
ÖL* % cyMMoptfoa deyopMouuu 

Fig 5*    Change of mechanical properties of sheet SAP 
depending upon total defomation during cold rolling (tem- 
perature of test 20C). 

longitudinal; 
transverse; 
longitudinal; 
transverse. 

a - ^ total deformation 
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Sheets of width 700-1000 mrn can be rolled to a thick- 
ness of 0.8-1.2 mm, and sheets of width 500-600 mm  to thick- 
ness ^f 0.R-0.7 ram. Production of thin sheets of greater 
width is possible on more alvanced equipment existing In 
industry (four-hi.cth rolling mills)« 

The total degree of reduction during cold rolling 
should not exceed 60-65^. With larger degrees of reduction 
the tnechanical properties of cold-rolled sheets at a test 
temperature 500C drop. 

Internediate annealing at 420-450C for 4-5 hours of 
cold-rolled stock of thickness 1.5-2.0 mm  promotes removal 
of internal stresses and allows during further rolling of 
sheets of thickness to 0.5-0.8 mm obtaining values of (fajGez 
and (f which differ little from the mechanical properties of 
sheets of SAP of thickness 1.5-2.0 mrr..    Intermediate anrial- 
ing also promoter exposure of bubbles and is a control oper- 
ation. 
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Fig 6.    Change of mechanical properties of sheet SAP 
defending upon total deformation durinc cold rolling (tem- 
perature of test 500C). 

Desicrnations the same    as on Fig 5* 
& ~ % total defiorriation 
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Change of TPinlmum mechanical properties of experi- 
mental lots of wide sheets of SAP depending on overall degree 
of total deformation during cold rolling Is shown on Fig 5 
(test at 20C) and on Pig 6 (test at 500C). 

On Pig 7 1B shown the change of mechanical properties 
of the sane lots of sheets of SAP depending upon temperature 
of tests« 

On Pig 8,9,10,11,12 there Is shown the microstructure 
of sheets of SAP rolled with different degree of total def- 
ormation (powder with content of 6*6% A^Oj). 

On the photographs of the microstructures there is 
seen the filamentary nature of the phase components, where 
with an Increase of degree of reduction there is Increased 
disintegration of oxide particles and a sharper revelation 
of the directivity of the structure. 

0 20 100 200 300 WO 
JUTeMnepamypa ucnNmatiuu 8 9C 

500 

Pig ?•    Change of mechanical propertie of sheet SAP 
depending upon temperature. 

Designations the same as on Pig 5» 
a - Temperature of tests in C 
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GRAPHIC NOT 
REPHQDUCiBLE 

Fig 8. Microstructure of hot-rolled sheet SAP of 
thickness 4,0 mm. Across direction of rolling, x 400« 

GRAPHIC NO 
nouciBL 

Fig 9. Microstructure of cold-rolled sheet SAP of 
thickness ^2.0 urn. Direction alonp; rolling. Total degree 
of defomaticn during cold rolling 50%, X 400. 

mm m\ 

Fig 10. Mlcrostructure of cold-rolled sheet SAP of 
thickness"2.0 mm. Direction across rolling. Total degree 
of deformation during cold rolling 50if  XJ400. 
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Fig 11.    Mlcrostructure of cold-rolled sheet SAP of 
thickness 0,8 mm,    Directlvon along rolllmr.    Total degree 
of deformation during cold rolling 80%, XhOO. 

GRAPHIC NOT 
REP 

Fig 12# Mlcrostructure of cold-rolled sheet SAP of 
thickness 0.8 mm. Direction across rolling. Total degree 
of deformation during cold rolling 60%, X4Ö0. 

Conclusions 

1. Application of flat containers allows us to obtain 
on a horizontal hydrnullc press (5000 T) by the method of 
cold brlquettlng with subsequent hot compacting of billets 
of SAP of weight 60-80 kg from which it Is possible to ex- 
trude strip of section 30 x 410 mm. 

2. From a sheet of such strip of length to 650 mm 
we can roll on a trio mill after 7-9 passes stock of thick- 
ness 4-5 mm,  width to 900-1300 mm. 

3« Cold rolling of such sheet and other technological 
operations (annealing, etching and stripping, straightening 
and cutting to finished dimension) In th^ production of sheet 
SAP can be executed on existing equipment. 
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INFLUFTCE OF DEGREE OF DEFOEMATIOM,   SPEED AND TEMPERATURE 
OF PRESSING ON MECHANICAL PROPERTIES OF PRESSED 

HALF-FINISHFD PRODUCTS  (p 58 of source) 

P.V. Fishnev, B.I. Matveev, V.S,  Zolotov, 
L.S. Perevyazkln 

(E.A.  Kuzretsov,  A,A.  Gelman, G.M, Bamenko 
participated In this study) 

For improvenient of the technoloffy of manufacture of 
pressed half-finished products  (rods,  strips, profiles and 
so forth) we conducted an investigation of the influence 
of degree of deformation,  speed and temperature of hot pres- 
sing on the quality of surface and irechanical properties 
of pressed half-finished products.    The work was executed 
in factory conditions on existing technological equipment. 

INFLUENCE OF DEGREE OF DEFORMATION 

For establishment of optimum degrees of deformation 
durincr hot pressing of half-finished products aluminum pow- 
der of brand APS-1,  containing 7.1% of aluminum oxide, was 
subjected to briquetting in the heated state and compaction 
with subsequent pressing from it of rods of different di- 
ameters on a 1506 T press in a container of diameter 130 mm. 

The conditions used for pressing of the rods are riven 
in Table 1.    From the obtained rods we prepared samples for 
mechanical tests,  structural analysis and determination of 
electrical resistance of the material«    Dependency of me- 
chanlcal pronerties on decree of deformation at temperatures 
of test of 20 and 500C  is shown in Fig 1.    Ultimate strength 
and elongation with an increase of defree of deformation to 
?C-8^i; increased Just as for the usual aluminum alloys. 
Further increase of degree of deformation led to an increase 
of elongation, ultimate strength remained without change. 

The increase of mechanical properties with Increase 
of degree of deformation to 85% is connected with crushing 
of the structure of the material and the more equal distri- 
bution of aluminum oxide in the aluminum matrix, and also 
with the improvement of conditions of sintering In the or- 
ifice of the die which is confirmed by macrolnvestlpratlons 
(Fig 2). 
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Table 1 

X 

0-6- 

Conditions of pressing of rods 

qEpHKCTHpofiawic 

«3 

n 

& 

S n 

TCMne- 
pziypa 

Bpetw 
BM- 

AepKKH 
j>MUH 

*-XUiXM{iVCCOhVi\ 

^ennc- 
par y pa 

L 

BpCMH 
BU- 

ACpA'KM 
fa MUH 

y^npeccoi.?»Kc 

TCMIie- 
paxypa 
^ 

CKOpOCTL 
npccco- 
eaiiHH 

MIXUH 

€2 
81 
85 
94 
96 

2.6 80 450 
4,3 63 450 
6.7 50 450 
18 30 450 
27 25 450 
53 18 450 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

500 

500 

500 

500 

500 

500 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

500 

500 

500 

500 

500 

500 

10 

13 

12 

14 

15 

14 

a - Degree of deformation in & b - Drawing; 
c - Diameter of rods in mm; d - Briquetting; 
e - Compacting; f - Extruding; g - Temperature C; 
h - time of holding min; i - speed of Dressing, 
mAinute 

60  es   so JU6* 60*      70 60   65   90 
ihCmencMk deipopryama 6% 

Fig 1.    Influence of degree of deformation on ultimate 
strength and elongation of pressed half-finished products, 
a - ultimate strength in kg/mm2; b - Degree of deformation 
in %;  c - Elongation in %. 
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In Table 2 are data on the influence of degree of 
defor^stion on density and electrical resistance of half- 
finished products.    It had been assumed that at high degrees 
of deformation the density of the material is increased. 
Experimental data did not confirm this.    There was also no 
change of electrical resistance.    In nicroanalysis of 
pressed half-finished products no changes in structure were 
revealed  (Fig 3)* 

Table 2 

O* Creneub Ae^opuailHH B % G2 81 85 94 96 |   98 

V-n/IOTHOCTb  B ZJCM* 

£'djieKTpoconpoTHB;ieHHe B OM-MM^M 

2.700 

0.040 

2.702 

0.039 

2,702 

0.039 

2.702 

0,038 

2,700 

0,039 

2,700 

a - Decree of deformation in Jf; b - Density in 
g/cn)3;  c - Electrical resistance in ohm^imnS/^ 

DRAPHIC NUI 

FISP 2. Macrostructure of rods, pressed with different 
decrees of defcmatiDn. 

a - 60i\  b - cOi\  c - 94<; d - 96#; e - 9%% 

INFLUENCE OF SPEED OF PRESSING 

On the  surface of pressed half-finished nroducts there 
so-eti-neB are noted defects  in the  fora of swellings and 
transverse cracks.    It was assumed that one of causes of the 
an^earance of these defects is connected with incorrect 
selection of speeds of Dressing. 
sneeds of pressing  (froir 0.78 to 
dition of the surface of rods of 
durin? manufacture of the latter 
containing 7*1% A^O-j under conditions:    specific 
75 kg/nun2,  temperature of nressinff 450-500C, 

Influence of different 
16.3 m/min) on the oon- 
dia^eter 50 mm was studied 
from powder of APS-1 brand 

nressure 
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It wae established that at speed of pressing of 0.78 
ra/raln on the surface of the rods there appeared transverse 
cracks and burrs, with speeds from 8 to 16 m/mln defects 
on the surface were absent. 

In Inspection of the macro- and mlcrostructure of 
rods pressed with different speeds no changes were revealed. 

The mechanical properties of the rods are presented 
In Table 3. 

Tv^e unsatisfactory quality of the surface of rods at 
low speeds of pressing apparently is connected with weld- 
ing of the -retal to the wails of the container and die which 
led to the appearance on the surface of burrs and "cracks". 
Consequently, speed of pressing affects the quality of sur- 
face of half-finished products and does not afreet their 
mechanical properties  (see Table 3K 

Table 3 

Mechanical properties of reds of diameter 50 mm 
pressed with different speeds 

CKOpOCth . 
npeccoB2-' 

^npw rs AlpHSOO0 

MHfl 
As MIMUH 

* 
KrjMM* 

1 
% 

0.78 35.5 6,4 10.1 3.0 
1.06 35,8 6,8 10.7 2.6 
1.29 &IJ 5.7 10,4 2.8 
1.90 36.2 6.9 10.8 3.0 
2.97 35.0 5.0 9.9 2.8 

16.90 35.6 7.4 11.8 2.7 

a - Speed of presclnic' m/mln; b - At 
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Fiff 3. Microstructure of rods pressed with different 
decrees of defomatlon* 

a - 62%;  b - 815^; c - 94*; d - 96%;  e - 98< 
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INPLUENCS OF TEMPERATURE OP HEATING OF STOCK BEFORE 
PRESSING ON MECHANICAL PROPERTIES OF PRESSED 

HALF-FINISHED PRODUCTS 

For carrying out of this part of the study, the pow- 
der containing 7.6% AI2O3 was heated to 4500 in electric 
resistance furnaces without protective atmosphere, then 
briquetted at a temrerature of 400-500C and a specific pres- 
sure of 75 kg/mmS, After machining the briquettes were 
heated to 450, 500 and 550C and pressed into rods on a 1500 T 
press« The rods passed mechanical tests at 20 and 500C 
results of which are shown in Fig 4. 

ISO 900 550 
^Unnepamypa qpeecoia/M $*C 

Fig 4, Influence of temperature of heating of stock 
on ultimate strength and elongation of rods* 

a - Ultimate strength in kg/mm2. ^ . Temperature 
of pressing in C; c - Elongation in %. 

From the given data it is clear that the ultimate 
strength with increase of temperature of heating of stock 
from 450 to 500C was hardly changed, but with a transition 
from 500 to 550C there was observed a drop of strength* 

Elongation with increase of temperature of heating 
of stock from 450 to 500C remained without change, while 
daring transition to 550C it increased by 1%.    Analogous 
pattern was also observed at temperatures of test of 500C* 

The nature of the change of mechanical properties 
at temperatures of pressing higher than 500C, probably, is 
connected with partial recrystalllzation* 
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Conclusions 

1. Increase (durlnp; pressing of rods) of deffree of 
defomatlon to 85% Increases the ultimate strength and elon- 
gation;  at degrees of deformation over 85% the strength Is 
not changed» 

2. Speed of pressing does not affect mechanical 
properties of Dressed half-finished products, but dc^s In- 
fluence the quality of their surface.    Low speeds of press- 
Ing cause appearance on the  surface of half-finished products of 

scratches, burrs,  and cracks.    With Increase of speeds of 
pressing to 8 m/mln and above,  the half-finished products 
had high-quality surfaces. 

3. With Increase of temperature of heating of stock 
from 450 to 500C mechanical properties of half-flrilshed 
products are not changed.    Increase of temperatures of heat- 
ing of stock over 500C Insignificantly lowers ultimate strength 
and Increases elongation« 

4. For the purpose of achievement of the best combin- 
ation of ultimate strength and elongation,  and also for ob- 
taining from powder of brand APS-1 pressed half-finished 
products with high-quality surfaces it is necessary? 

a) to ensure that degree of deforratlon is not 
below 65%; 

b) pressing be conducted with a speed not below 
8 m/mln; 

c) to heat stock to 450-500C; 
d) to carry out before briquetting heating of the 

aluminum powder in the range of temperatures 
50C-550C with holding at this temperature not 
less than 2-3 hours. 
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IVPROVEVENT OF TECHNOLOGY OF PRODI'CTION Of  STOCK 
FROM SAP (p 64 of source) 

E.A. Kuznetsova, A.A. Gelman 

Up to nov the technology of manufacture of pressed 
half-flnlPhed products from SAP Included the following basic 
operations: briquettlng of povder In cold state, coTjpact- 
Inpr or sintering under pressure at a temperature 450-500C, 
and pressing of the half-finished products« 

The operation of compacting is conducted for the pur- 
pose of packing of the material which occurs as a result 
of increase of plasticity at temperatures of A50-500C. It 
was assumed also that partial sintering takes place here« 

Investigations conducted recently introduced several 
changes in technology. In particular, cold briquetting in 
a number of cases was replaced by briquetting of powder 
heated to 450-500C.  Density of briquettes obtained thusly 
is sicmificantly higher than the density of cold-pressed 
briquettes.  In connection with this the role of the opera- 
tion of compaction was changed. In order to ensure additional 
pacldng of the material, the compacting must be performed at 
higher temperature than briquetting.  Compaction of a suf- 
ficiently dense briquette (density 2.6-2.7 g/cmJ) at a tem- 
perature not exceeding the temperature of briquetting, evokes 
the appearance of internal cracks which degrade the mechanical 
properties of half-finished products. 

On the other hand, briquettes obtained at a tempera- 
ture of 450-500C ere quite dense and consequently the ap- 
plication of compaction is net advisable, its elimination 
simificantly simplfies the technological process, reduces 
the work of the press equipment and increases the yield of 
sound product which naturally leads to lowering of the ma- 
terial cost. 

Ir conraction with this, work was conducted in two 
directions: 

— we investisrated the influence of temperature of 
compaction on structure and properties of billets and pressed 
half-finished products; 

— we studied the possibility of shortening the tech- 
nological cycle by eliminating compaction. 
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INVESTIGATION OF INFLUENCE OF TEMPERATURE OF COMPACTION 
ON STRUCTURE AND PROPERTIES OF BILLETS AND 

PRESSED KALF-FINISHED 
PRODUCTS FROM SAP 

The investigations were conducted on powder of brand 
APS-1 containing 7*^ AI2O3. 

The powder,  poured into tubes of sheet aluminum,  was 
heated in electrical furnaces at a tempersture of 450 and 
500C  for 2-3 hours and then briquetted in a container of 
diaineter 130 mm.    Holding under pressure  constituted 2 
-ninutes.    The resultinc; briquettes were turned down and then 
held at a temperature of 450,   500 and 550C for 2-3 hours, 
then compacted in a container of diameter 130 mm with a 
two-minute hold under a pressure of 40-50 kg/mm2«    From the 
briquettes and compacts there were prepared macroffraphs. 
From certain of the compacts we extruded rods of diameter 
50 mm. 

GRAPHIC NOT 
REPRODUCIBLI 

Fig 1.    Macrostructure of compact 

GRAPHIC NOT 
REPRODUCIBLE 

Fig 2.    Macrostructure  of briquette 

Study of the macrostructure of the compacts showed 
that temperature of compaction does not Influence the struc- 
ture.     Cracks,  which,   it was assumed,   could be formed as a 
result of compaction at temperatures not exceeding the tern- 
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perature of briquettlnct were not found.    On Fig 1 Is shown 
the ^acroßtructure of compacts which were compacted at a 
temperature of 450C (temperature of preliminary 
brlquettlng 500C). There was also not seen any significant 
difference In macrofctructure of briquette before compaction 
(Fig 2)  and after compaction (see Fig !)• 

Interestinff results were obtained during measurement 
of hardness and electrical conductivity, whose values should 
be directly dependent on the quantity of metallic contacts, 
I.e.  on density and degree of sintering of materials    Sinter- 
ing of material,  apoarently,  should occur in a greater de- 
gree the hisrher the temperature of briquettlng.    Actually, 
with Increase of temperature of heating of powder before 
briquettlng the electrical resistance of the briquettes de- 
creases.    Thus,  the briquette, pressed at 450C. has a 
specific electrical resistance of 0.04? ohm*mm^/m9  and at 
500C  it is 0,040 ohm-mm^/m,  which testifies to stronger 
destruction of oxide films at the heightened temperatures. 
However the hardness decreases.    Apparently,  at high tem- 
peratures processes connected with the relief of internal 
stresses take place in the material, 

CcTpaction of briquettes prepared from powder heated 
to 450C decreases their electrical resistance from 0,044 
to 0.039 ohin»mmVm.    The hardness here is hardly changed. 
Temperature of compaction does not affect the hardness and 
electrical resistance of the compacts  (Table 1),    Tempera- 
ture of compacticn also  does not influence the mechanical 
proDerties of pressed rods  (Table 2), 

Table 1 

Influence of temperature of compaction on hardness 
and specific electrical resistance of compacts 

TeMnepaiypa 
öpKKCTHpOBa- 

HHH 

TejunepaTypa 
nOAUpCCCOBKH HD 

1  KPIMM* 

yACJibiioe 
ajieKTpoconpGYHB- 

nemie 
a, •€ -  OM-MM^fM 

450 1           20 92 0,044 
450 90 0.039 

* 500 90 0.039 
550 90 0.039 

500 20         | 82 0.040 
450 86 0.039 
500 86 _ 
550 80 0.038 

a - Temperature of briquettlng C;  b - Temperature of com- 
psctlon C;  c - Specific  electrical resistance ohriumm^/nj 
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Table 2 

Influence of temperature of compaction on mechanical 
properties of pressed rods of diameter 50 mm 

i TcMnepatypa 
I noAnpcccoBKH 

TeMiiepatypa 
npecconaHH« 

1 dL- MexaHMHecKMC cBoicTsa 

Tenneparypa 
OpHKeTiipona- 

HHg 
|         20» \         500* 

(L '* 
icriMM* 

1   * {   % 
1   1 
! % 

450 
450 
450 
500 
500 
500 

450 
500         i 
550 

450 
500         I 
550 

470 
470 
470 
470 
470 
470 

33.4 
32.7 
32.7 
31.0 
32.5 
30.0    1 

8.9 
10.2 
9.6 

12.2 
10.6 
11.6 

ll.O 
10.7   ' 
10.3 
10.« 
10.0 
10.5 

2.0 
3.0 
4.0 
3.2 
1.8 
1.4 

a - Temr)erature of briquet ting C; b - Temperature of 
compactionC; c - Terperature of pressin« C; d - 
Mechanical properties 

Thus, on the basis of the first sta?e of investiga- 
tions it is established that a change of temperature of 
compaction in the interval 450-550C do^snot influence the 
structure and properties of compacts and pressed half- 
finished products. 

PRESSING OF HALF-FINISHED PRODUCTS BY NOT TECHNOLOGY 

Prerequisities for study of the possibility of shorten- 
in« the technological cycle by eliminating compaction were, 
first, the assumption that sintering of material basically 
occurs in the die orifice in the process of pressing of 
half-finished products, secondly, results of preliminary 
investigations showing that compaction does not have any 
essential influence on structure and properties of compacts 
(in case of briquetting of heated powder). 

There were tested two variants of the technology: 
pressing without compaction and pressing combined with oom- 
paction. For comparison we conducted pressing using the 
earlier technology. 

During pressing without compaction (first variant) 
the turned briquettes were heated to a temperature of 
450-5^0C and from them we pressed half-finished products. 
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In the second variant the turned briquettes were heated to 
a temperature of 450-550C, placed In a container between 
two press-washers, held under a pressure of 65-70 kg/mmS, 
then the press-washer was knocked out and the extrusion 
was performed. Thus, during pressing by the first variant 
compaction was completely excluded, and the USP of Inter- 
mediate press-washer provided for a combination of the two 
operations. For the investiration we used aluminum powder 
of brand APS with different content of AI2O3. Chemical 
comTDosition and basic characteristics of the powder are 
presented in Table 3. 

Table 3 

Basic characteristics and chemical composition of powder 

ÖU XüMitiecKiiH cocraB B % HacuntiOH 
1         ^^ C» ■cc. 

AI2Oa Fc H20 ^}KHpu tfCM* 

7.4 0.12 0.063 0.13 1.48 
«.9 0.09 0.013 0.22 1.25 

13.3 0.09 — i   o*29 3.17 
14.4 0.10 — 0.29 1.10 
8.4 0.10 0.0G6 0.21 1.19 
6.8     ; 0.09 0.0G 0.09 1.32 

a - Chemical composition in }(; b - Oils; 
c - Bulk weight in g/cm3. 

Briquetting, compacting and pressing were performed 
on horizontal presses in containers of diameter 130 and 
306 mm. The resulting half-finished products passed me- 
chanical tests at room temperature and at 500C. On Fig 3 
is presented the dependency of ultimate strength and elon- 
gation on content of AI2O3 in rods of diameter 50 mm, 
pressed by the different technological variants. In Table 
are given the mechanical properties of rods of diameter 
120 mm at 20 and 500C. 
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es   10   11 n 

Plg 3« Dependency of ultimate strength and elongation 
of rods of diameter 50 mm, pressed by the different techno- 
logical variants, with content In them of aluminum oxide, 
O— pressing without plug, X — usual technology, A ~ pres- 
sing with plug, a - Elongation In & b - Ultimate strength 
In )rg/mm2; c - Content of AI2O3 %• 

As can be seen from Fig 3t with an Increase of con- 
tent of AI2O3 In all cases the ultimate strength Increases 
and elongation decreapes, here the change of technology 
(full elimination of compaction) did not affect the mechan- 
ical properties of pressed half-finished products. Combin- 
ation of hot compaction with pressing (second variant) led 
to unexpected Increase of ultimate strength with constant 
elongation In the case of a content In the powder of more 
than Bi  AlgC^j. 

Table 4 

Mechanical properties of rods of diameter 120 mm, 
pressed by different methods (content of AI2O3 7%) 

20°                   1 SOO» 

0^ TexHOJiorttH 
npOAOAbtiue ^                         1 nonepequbie *-                1 npoAOJibiiwe noncpcHHue 

•• 
jtr/jtfjtfZ 

ft 
% 

B 
% 

0.      1  ft  1 
KPIMM*    % 

•• 
9criM.:t- 

ft 
* 

aJ06u<iH2'fl 

Ct pcccoaaHHc c noA- 
npeccoBKOH 

f npeccoBamic     6e3 
ROAHpecCOBKU 

31,6   1 

33,3 

33,6 

8.6 
8.0 

8,2 

i 

29.0 
29.0 

t 

3.0 
2.3 

3.7 

9.0 
1    9.3 

9.5 

18 
16 

15 

7,3 
7.2 

6.9 

2.0 
0.4 

0.6 
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a « Technology; b - longitudinal; c - transverse; 
d - Usual; e - Pressing with compaction; f - Press- 
ing without compaction 

Apparently, an essential influence on the mechanical 
properties is shown, on the one hand, by the total time of 
sintering under pressure, on the other hand by the quantity 
of cycles of heatings and coolings in the process of the 
production of pressed half-finished products« 

^ 

5(505 

OsJ 

\o,o** 

ya 

/» mm c5bwbu tmHOJueaveauiu 
om pexcun 
«teg «peceolhMue fa nodnpec- 

COÖKU m 
€.B3 "f^^odanue e oaeßyutHOa 

i 
H 

nBpuMem nOazomoOita   JppymoH 

Pig 4. Change of electrical resistance in process 
of manufacture of pressed half-finished products« 
a - Electrical resistance in ohm#mm2/Bi; b - Content of A^Oj 
1A%\  c - usual technological conditions; d - pressing with- 
out compaction; e - pressing with plug; f - briquette; 
g - compact; h - Rod, 

Increase of duration of sintering led to improvement 
of interparticle contacts, i.e. to increase of strength of 
the articles. Increase of quantity of cycles of heatings 
and coolings may cause additional stresses due to differences 
of coefficients of linear expansion of ÄI2O3, as a result 
of which there may be possible formation of micro-cracks 
and lowering of ultimate strength. During pressing without 
compaction there decreased both the total time of sintering 
under pressure and also the quantity of cycles of heatings 
and coolings (as compared to usual technological conditions). 
In this case ultimate strength was practically not changed. 
With use of intermediate press-washers (second technological 
variant) the total time of sintering under pressure was not 
changed as compared to the usual technology, but there was 
a reduction of the quantity of cycles of heatings and cool- 
ings that, apparently, led to an Increase of ultimate strength. 
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This increase Is the more  noticeable the higher the content 
of AlgOj In the powder. 

in the investlpratlon of micro- and macroatructure of 
rods pressed by different methods no essential difference 
In structure was found. 

Density of the resulting half-finished products does 
not depend on the method of pressing (Table 5)» 

Measurement of electrical conductivity of briquette 
and compact by the method of eddy currents showed that hot 
compaction somewhat Increases the electrical conductivity 
of the material (Fig 4), while the electrical resistance of 
the rods was independent of the technological variant used 
(Fig 4). All this confirms the assumption that the basic 
sintering of the material occurs during pressing In the die 
orifice. 

Table 5 

Density of rods pressed by different rrethods 

flu 
.Co/.C'iJH.a- 

HJlft 
Al203 

% 

7.4 
8.9 

13.3 
14.4 

^fl-nOTHOCTb li ZfCA'J 

TexKOAorKfl 6e3 noan^cc- 
COBKIl 

2.702 
2.7CI 
2.699 

' 2,709 

2,705 
2,707 
2.698 
2.706 

^ipeccoBaKH« 
c t'OAtipec- 

CObKOfi 

2,709 
2.705 
2,703 
2,7Cl 

a - Content of A^Oj^;  b - Density in g/croS; 
c  - usual technology;  d - pressing without 
compaction;  e - pressing with compaction. 

Conclusions 

In the  care of briquettlng of heated powder the stock 
for pressing can be a briquette. 

Additional compaction of the hot-pressed briquette 
over the  interval of temperatures 450-550C does not have any 
essertial Influence on the structure and properties of half- 
finished products. 
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INVESTIGATION OF CERTAIN CONDITIONS OF HOT ROLLING SAP 
(p 71 of source) 

V.A. Shelamov 

Work done under Honored Worker of Science and 
Technology, Professor Doctor of Tech. Sciences 
I.L. Perlln and Engineer S.I. Nomofllov. 

In the present work we conducted an Investigation of 
certain parameters of the process of hot rolling of pressed 
compacts frorp SAP« 

For rolling we used strip SAP of the brand APS-1 ob- 
tained by methcd of cold briquetting with compaction and 
pressing.  (Hfgh-teTTP Material Fmm Sint.Prftd Alumlnim Powder 
(SAP). Oborongiz, 1961, p 50) Content of AI2O3 in initial 
stock constituted 6-8^. 

For deternlnation of the influence of temperature of 
hot roll'ng on specific pressure and broadening, from nressed 
strip SAP of section 25 x 90 (coefficient of drawing 8) we 
cut longitudinal wedge-shaped samples with smaller height 
2 rom, larger height 20 mm, width 30 mm, and length 90 mm. 

For the purpose of increasing the plasticity of the 
stock to show the necessity of preliminary heating before 
rolling, part of the wedge-shaped samples was subjected to 
preliminary heating at temperstures of 450, 500 and 550C 
for 6, 12 and 48 hours. Heeting was performed in a lab- 
oratory electric resistance furnace with Nichrome heaters« 
Temperature of heating was controlled by a switching poten- 
tiometer using two control thermocouples. The installation 
ensured accuracy of adjustment of temperature within limits 
of ±  IOC. 

Rolling of samples was done at temperatures of 20, 
300, 400, 450, 500 and 550C on a duo mill with rollers of 
diameter 350 mm, length of barrel 500 mm, speed 18 m/mlnute. 
Rollers are prepared of steel Shinil5 (hardness Rockwell 55)» 
surface Is ground. 

Total pressure of metal on rollers p^ was measured 
with the help of wire transducers with resistance of 120 
ohms and a base of 10 cm, glued on the neutral line of the 
rolling mill frame« Recording of pressures was carried out 
on the eight-channel magnetoelectric oscillograph MPO-2. 
Recordings of osclllograras (Fig l) were made with a speed 
of the photographic film of 25 mm/sec. 
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Broadening b = I^/B^, absolute broadening 4B and in- 
dex of broadening a = ^ B/^ h were determined, proceeding 
from the law of constancy of volume, from the mafmltude of 
reduction q = H/h and drawing^ = 1*2/1**.    Use of the wedge- 
shaped ssrrples grave the possibility of carrying out rolling 
with reductions from 1 to 90%  (wed^e-shaped sorple was arbi- 
trarily divided Into five sections by reduction along th« 
boundaries 18, 36, 5*, 7^, 90%). 

MM* 

Hyaefoa mtm {j- 

Fig 1. Model osclllograms tay.en during rolling SAP 
with different temperetures.  For comparison there are shown 
osclllograms ta>en during rolling of wedge-shaped samples 
of the alloys AD1 and D16. 

a - Force during rolling; b - Zero line 

Broadening during rolling Is composed of the follow- 
ing components:  broadening due to slip on the contact sur- 
face, broadening due to barrel formation, and broadening 
due to spread of lateral faces of sa:rple on contact surface. 
(I.M. Pavlovf Basic Positions of Contemporary Theory of Roll- 
ing, Transactions of the Scl, & Eng. Dlv> of Ferrous Metal- 
lurgy. Vol 10, Metallurglzdat, 1956) 

It has been noticed that during rolling of SAP broad- 
ening by barrel formation is predominant. In this respect 
SAP can be compared with the titanium alloys. 

Calculation of broadening AB was done by the formula 
of A. I. Tselivov (Collection of articles under editor Ya.S, 
Gall ay, Materials According to the Theory of Rollins:. Chap- 
ter 1, Vetallurgizdat, I960, p 526) with the empirical coef- 
ficient C determined on the basis of actual experiments: 
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Ä_c(./^-i)t(^).        0) 

whereAh — absolute reduction in mm; 
C — coefficient, depetidlng on ratio of strip width 

to length of arc of grip; 
R -- radius of rollers In mm; 
t  — coefficient of friction; in this case we took 

f = 0.3; 

f(i)_f(.)_j?[(,_.)1.-i._Ä(1_i.). m 

A.I. Tseli^ov suggests that the quantity ^(u) be 
determined from the graph depending upon the relative reduc- 
tion u sA h/H. 

Experiments showed that in rolling SAP it is possible 
to take the coefficient C = 3.0. 

On Fig 2 is given a graph of similarity of magnitudes 
of broadening on the basis of experimental data and data 
obtained by calculation by the formula (1) with coefficient 
C = 3.0. 

Dependency of index of broadening on tempersture of 
rolling is given on Fig 3» 

Curves for the coefficient of friction f1, determined 
by the broadening forrula of S.I. Gubkin (see references on 
P79): 

A»^(l+-^)(/'VW-^).        (3) 

are given on Fig 4. On the same ficrure there is shown the 
dependency of the specific friction forces calculated by the 
formula t^ = Pf• on temperature of rolling. 

For comparison of the magnitudes of pressures during 
rolling SAP and the usual aluminum alloys we made a record- 
ing of osclllofrrana.. of rolling of analogous samples from 
the alloys AD1 and D16. 

The specific pressure p during rolling, equated to 
the resistance to deformation of tne^material in the given 
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Fig 2.    Comparison of maffnltudes of actual broadening 
B with magnitudes calculated by formula. 
 • after preliminary heatlnp of compacts, 

4B actual; 
 ^    without heating of corapacts^B actual; 

 0      -AB calculated 
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conditions, was determined by the forpula 

P** (4) 

Graphs of the dependency of the specific pressure 
on temperature of rollings are shown on Fig 5, and on rela- 
tive reduction at the selected temperatures of rolling — 
on Fig 6, 

wr. 

Flff 3.    Dependency of index of broadening a on tem- 
perature of rolling« 

——~    after heating of sample,  actual measurement; 
     without heating of sample,  actual mearure^ent; 

computed curve 

m     sso 
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Fig 4,    Curves of dependency of coefficient of friction 
f*  and specific friction forces Ts on temperature of rolllns. 

— f1   aftrr heetlnp- of  sample; 
— f'  without heating of sample; 

  , . T5  after heatlncr of sarcp^   ; 

— 0 —    ^S without heating of sample. 
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Fig 6. Dependency of specific pressure p during 
rolling on relative reduction. 

—# #- 

- with heating SAP 
without heating SAP; 

- AD1; —P.  D16 

a - reduction 

On Fig 7 Is given the dependency of the coefficient 
of friction on relative reduction (rolling at 450C) of a 
heat treated sample. 

& 

iß 

** 

w 

. -— 

. ^ 

f^* 

• s* 

i f 

Fig 7. Dependency of coefficient of friction f1 

on relative reduction (rolling of heat treated sample at 
450C). 

a - reduction 

Conclusions 

1. During comparison of magnitudes of absolute 
broadening4B detemined from experiment and calculated by 
the formula^ noticeable difference is not revealed. The 
same may be said of the values of broadening during rolling 
of a sample after preliminary heating and without heating« 
A small decrease of the value ^ B is observed with Increase 
of temperature of rolling. 

Actual and calculating magnitudes of index of broad- 
ening are practically identical« 

2. Coefficient of friction f* during rolling SAT 
ha'* a tendency to a sharp decrease with Increase of tem- 
perature of rolling. 

Analogously are changed specific frictional forces t$* 
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3. During rolling SAP, with Increase of reduction to 
50^ the specific pressure p Is Increased; with further In- 
crease of total reduction (to 90%)  It drops. 

4. Coefficient of friction f' Increases with Increase 
of total reduction, 

5. The marked chansre of magnitudes of specific pres- 
sure and of coefficient of friction can be explained by the 
sirnificant thermal effect appearing during deformation of SAP, 

6. Vith increase of temperature of rolling the 
specific pressure p decreases, 

?• Power parameters of rolling SAP significantly 
differ from the parameters of rolling of the usual aluminum 
alloys. 

Differences of power parameters In rolling prelim- 
inarily heated and nonheated samples of SAP are not noticed. 
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PROPERTIES AND STRUCTUPJ; OF WIRE PROM SAP 
(p 76 of source) 

P.V. Kishnev, B.I. Matveev, N»A. Martynovaf 
S.L. Nomofllov, E#Ya. Bazurlna, V.A. Shelamov 

(E#A. Kuznetsova, V.V. Martynov, M.V. Klryushlna, 
L,S. Perevyazkln participated In this study) 

For Joining of structures of the high-temp materials 
(SAP), for instance sheets with profiles, it is necessary 
to have rivets also Tiade froni the high-temp material. With 
this goal we proposed to develop the technology of manufac- 
ture of wire from SAP, to investigate its mechanical proper- 
ties and structure, and then to prepare a lot of rivets and 
to test them in the riveting of a connecting seam» 

From aluminum powder of brand PP-4 (chemical compo- 
sition:    4-5^ AI2OJ,  0.06^ Fe,  0.26^ oil^ O.OI65C moisture, 
remainder aluminum; we prepared an experimental lot of 
wire of diameter 3,4f5 mm, 

Briquetting of aluminum powder was done in the cold 
state on a 750T horizontal hydraulic press in a cold con- 
tainer.    The obtained briquettes were subjected to compac- 
tion and sintering on the same press  at a specific pressure 
of 90-95 kg/mm2. 

After machining the compacted briquettes  (billets) 
had a diameter of 85-90 mm,  height 140-170 mm,  weight 2.6-3 
kg and density 2.6-2.7 g/cm3t 

Before pressing of wire the billets were heated in 
electric resistance furnaces with revolving hearth and with 
circulation of hot air inside the working space« 

Pressing of the wire stock was done on 750 T horizon- 
tal hydraulic press.    Diameter of container was 95 mm, 
diameter of wire stock 6 mm,  length 3.5-4.2 m. 

Conditions of pressing of wire were the following: 
Temperature of container       400-430C 
Temperature of stock      450-480C 
Time of pressing     20 sec 
Speed of pressing     12 m/min 
Specific pressure during 

pressing 91#5 kg/mm2 

Coefficient of drawing       21 

86 



During pressing lubricant was not applied,    Teirpera- 
ture of press tool was the usual for hot pressing (250-300C). 
Pressing of wire was done through sieve die with 12 holes 
of diameter 6 mm each.    Surface of pressed wire obtained was 
smooth. 

On Fig 1 Is shown pressed wire atooY weighing more 
than 100 kg was subjected to drawing In cold state on a single 
drawing mill of brand VSP-l/550 having a maximum force of 
2000 >fff  speed of drawing 60-100 ro/mln,  and powder of elec- 
tric motor 40 kilowatt.    By further drawing calibrated wire 
of diameters 3,  4 and 5 mm was obtained using the following 
scheme. 

GRAPHIC N 
«EPRODDCIB 

Fig 1.  Surface of pressed wire stock of diameter 
6 mm. 

Transitions from 6.0 to 3*0 mm: 

6.0 -► 5,5.5 -> 5,20 ~» 5.0 

4.7 -* 4,3   -♦ 4.15 -♦ 4.0 
3.8 - 3.G   - 3,4   -> 3.2 -» 3,0 

The degree of deformation during drawing constituted 
75%. 

Braving of wire from diameter 6 mm to diameters 3i 
4 and 5 mm was done without Intermediate annealings.    During 
dravinsr we applied the same lubricant NK-50 as Is used In 
drawing of wire from  aluminum or aluminum alloys. 

On Fig 2 is shown calibrated wire of diameter 3 and 
5 mm.    Surface of wire is smooth and brilliant without burrs, 
forr of section is refmlar without ellipticity. 

Mechanical properties of calibrated wire were deter- 
rrined at normal and heightened temperatures.    On Fig 3 Is 
given the graph of change of ultimate strength and elonga- 
tion depending upon temperature of test. 

As the curves show,  at room temperature the ultimate 
strength of wire of diameters 3f  4 and 5 mm constitutes 
from 26 to 29-30 kg/mm^,  and elongation is from 5»5 to 8-9/f» 

It is characteristic that the smaller the diameter 
of the wire,  the higher its strength.    Thus,  for instance, 
wire of diameter 5 mm has at 20C ultimate strength of 26 
kg/mm2t   and wire of diameter 3 mm has 28-30 kg/mm2.    This 
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probably Is possible to explain by cold hardening In the 
process of deformation of wire during drawing. Pressed 
wire stoc^ of diameter 6 mm at 20C had an ultimate strength 
of 23 kg/mm2 and elongation 21*6%,  at 500C the corresponding 
values were 6.8 kg/mrnS and 6.2%. 

Fig 2*. Surface of calibrated wire of diameter 3 mm 
(a), 4 mm (b), 5 mm (c) after drawing. 

With Increase of tempereture of test the strength 
of wire of diameter 3,4 and 5 mm dropped and at 500C con- 
stituted 4.5-^ kg/mm2. The ultimate strength of wire of 
diameter 3 mm with increase of temperature to 250C fell 
more Intensely than wire of diameter 4 and 5 mm, while in the 
Interval cf temperatures 250-500C the ultimate strength of 
wire of all ej.ameters was approximately identical. 

Elongation Increased with increase of temperatures 
of test and at 250C attained 12-175?.  In the interval of 
temperatures 250-350C the elongation had a maximum value, 
which then dropped, attaining at 500C 6.5-10%. 

h s. 
ohpodoßona 03MM   \ 

A «  05MM 

N V 
> feaj 1 

r ^4 3 fe>v. 
"^ 

0 20     700       200 250 300 350 WO 
jJeMnepamypa ucnvmaHU* 8 4C 

500 

Fig 3. Change of strength and elongation depending 
upon temperature of test. 

a - Elongation in jK; b - Strength in kg/mm2; c - 
wire; d - temperature of test in C, 
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Of large practical value is the Influence of anneal- 
ing on mechanical properties of calibrated wire. In connec- 
tion with this we conducted an investigation of the influence 
of temperature of annealing (250f 350, 450 and 500C) on ul- 
timate strength, elongation and shearing coefficient of wire« 
Annealing of wire was done in the usual chamber furnace 
without protective atmosphere according to the following con- 
ditions: heating to temperatures 250, 350, 450 and 500C, 
holding at these temperatures for 3 hours and cooling in air. 
With increase of temperature of annealing the ultimate 
strength decreased, elongation increased, and shearing co- 
efficient was almost not changed (Fig 4). 

For wire of all diameter, from the initial state 
(20C) to temperature of annealing 350C the decrease of ul- 
timate strength and increase of elongation occurs more reg- 
ularly and smoothly than in the interval of temperatures from 
350 to 500C, where there is observed an intense drop of ul- 
timate strength and increase of elongation. 

(KJeMnipamyßa ommuta 6 *c 
W 500 

Fig 4. Chancre of strength, elongation and shearing 
coefficient depending upon temperature of annealing. 

Designations the same as on Fig 3. 

a - Elongation in %;  b - Coefficient of shear 
in yg/mmS; c - Strength in kg/mm2; d - Tempera- 
ture of annealing in C. 
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From the given data It follows that anneallncc de- 
creases ultimate strength and Increases elongation, probably 
by relief of cold hardening and partial recrystalllzatlon, 
which occurs more intensely in the interval of temperatures 
350-500C. 

Fig 5» Macrostructure of pressed wire stock of 
diameter 6 mm (a) and calibrated ^iro of diameter 3 om 
(b). 

On Fig 5 is shown the macrostructure of a longitudinal 
section of pressed wire stock of diameter 6 mm and calibrated 
wire of diameter 3 mm. No distinctions in macrostructure 
appear. 

On Fig 6 and 7 is shown the microstructure (long- 
itudinal and cross sections) of pressed wire of diameter 
6 mm, and calibrated wire of diameter 3 and 5 nmu Pressed 
wire of diameter 6 mm in longitudinal direction has a banded 
structure, but in transverse direction banding is absent» 
landing appears in the process of pressing of wire whv^n the 
grains of SAP deformed during sintering, consisting of very 
finely crushed thin oxidized aluminum films, are extruded 
along the direction of pressing. 

Due to this there is semthe white background of 
aluminum and the banded black background of aluminum oxide. 

Calibrated wire of diameter 3 mm has a clear banded 
structure In the longitudinal direction, significantly 
sharper than for wire of diameter 5 mm, although the dif- 
ference in microstructures of cross sections of these wires 
is difficult to detect (see Fig 7, a, c). 

Wire annealed at hicther temperatures has a micro- 
structure with less clearly defined banding (Fig 8), 

An Important characteristic of wire intended for 
manufacture of rivets is its rivetability.  From pressed 
wire of diameter 6 mm and calibrated wire of diameter 3f 
4 and 5 ram we prepared samples with free heights 1.2df 
1.3d, 1.4d and 1.5d, Heading of samples, or riveting, was 
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Fig 6. Mlcrostructure of pressed wire stock of 
diameter 6 nun, X400. 

a - cross section, b - longitudinal section 

done on a press to obtain a flat head of height not more 
than half of the diameter« 

On Fig 9 is shovn the method of test of samples of 
wire in press for rivetability. During riveting of the 
free part of rivets from pressed wire of diameter 6 mm there 
appeared cracks at an angle of 45° (Fig 10). Samples from 
calibrated wire of diamter 3f4 and 5 mm did not have defects. 

On Fig 11 are shown samples of rivets from calibrated 
wir^ of diameter 3 and 5 mm after riveting test.  During 
rlvetlncr of samples of rivets from calibrated wire with free 
part 1,4 and 1.5d there sometimes appeared cracks. In a 
smaller decree this pertains to wire of diameter 3 mm and 
in a larger degree to wire of diameter 5 mm» 

Annealing of calibrated wire of diameter 3f4 and 5 nn 
at a temperature of 500C with holding for 3 hours sig- 
nificantly lowers or co-rpletely excludes the appearance of 
cracks on heads of rivets.  Consequently the thinner the 
wire, the better it rivets.  Annealing improves riveting 
of calibrated wire. The pressed wire turned out not to be 
useful for manufacture of rivets. 

On Fig 12 arf? shown rivets prepared from calibrated 
wire of diameter 3,4 and 5 mm on special machines in factory 
conditions, and Fig 13 shows the macro structure along a cut 
of a seam Joining a profile with sheet by rivets from SAP. 
On Fig 14 there is shown a riveted seam. 

Extruded and drawn wire from aluminum powder of brand 
APS-1, containing more than 7% A1203, riveted poorly, there- 
fore in this article we have not expounded the technology of 
its manufacture, mechanical properties or structure. 
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Fig ?•    Microstructure of calibrated wire of diameter 
3 and 5 nnn, 1400. 

a - cross section of wire of diameter 5 mm, b - 
longitudinal section of wire of diameter 5 mm, 
o -^crosa section of wire of diameter 3 mm, 
d - longitudinal section of wire of diameter 
3 on. 

8.    Microstructure of annealed wire of diameter 
3 and 5 mm at 500C, X400. 

a - longitudinal section of wire of diameter 5 nraif 
b - longitudinal section of wire of diameter 3 msa. 
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a) 

ing. 
Fig 9. Method of test of samples of wire for rlvet- 

a - position of sample In nest of press to test 
for riveting, 

b - position of sample after test. 
1 - nest in lover ^late of press, 2 - sample on 
test, 3f8 - punch, 4 - freestanding part of 
sample, 5 - head of rivet, 6 - leg of rivet, 
7 - nest in lover plate of press. 

GRAPHIC NOT 
HEPRODUCIBLE 

Fig 10.    Chipping cracks on heads of rivets from 
pr«sped vire stock of diameter 6 mm* 

GRAPHIC NOT 
REPRODUCIBLE 

Fig 11. Samples of rivets from calibrated wire of 
diameter 5 mm (a) and diameter 3 mm (b) after test. 

GRAPHIC NOT *. 4 
REPRODUCIBLE 

• 

Fig 12, Rivets prepared from calibrated wire of 
diaTeter 3,4 and 5 mm in factory conditions. 



GRAPHIC NOT 
REPRODÜCIBL 

Fig 13. Macrestructure along cut of rivet seam. 

Fig 14» Riveted seam. 

Conclusions 

The technology of manufacture of high-temp wire from 
SAP, useful for production of rivets has been developed. 
In the study of the temperature stability and mechanical 
properties, structure, results of engineering tests on 
ability to be riveted, effect of annealing on the mechanical 
properties of SAP wire suitable for production of rivets, 
it was found that: 

a) after drawing, calibrated wire of diameters 3»4- 
and 5 mm has at 20C an ultimate strength from 25 to 30 
kg/mm2, and elongation from 5#5 to 8-9^. At 500C ultimate 
strength is from 4.7 to 7 kg/nun2 and elongation 6.5-10^. 

Wire of smaller diameters has at room teirperature 
higher strength and lower e?ongatlon than wire of large 
diameters; 

b) pressed wire stock of diameter 6 mm and calibrated 
wire of diameters 3,4 and 5 mm from aluminum powder of 
brand APS-1, containing more than 7% AI2O3 is not useful for 
manufacture of rivets due to cracks on the heads; 

c) annealing of wire lowered the ultimate strength 
and Increased its plastlclty; 

d) a lot of rivets, prepared from wire (obtained from 
powder PP-4) was high quality, satisfied requirements as to 
mechanical properties and quality of surface, and riveted 
well. 
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TECHNOLOGY OF MANUFACTURE AND PROPERTIES OF FOIL FROM 
SAP (p 8? of source) 

P.T. Vlasova, B.I. Matveev, P.V. Klshnev, 
V.A. Stelmashchuk, S.N. Ananln 

For obtaining of foil we use the material (SAP) con- 
taining a quantity of AI2O3 which will ensure high tech- 
nological plasticity of SAf during cold rolling of foil to 
thickness 0.05 rm and less; mechanical properties at normal 
temperatures and temperatures higher than 300C should sig- 
nificantly exceed properties of Ibil from the other deformable 
aluminum alloys.  Foil from SAP should be elastic and should 
preserve corrugation in the process of manufacture from it 
of honeycomb« 

We conducted work obtaining of foil from SAP with 
content of AI2O3 within limits 9-10 and 6-75^.  It turned 
out that from SAB  with 9-10^ AI2O3 foil could be produced. 
However in spite of high strength characteristics at normal 
and heightened temperatures its subsequent molding is ham- 
pered by low plasticity and high elastic spring-back.  Foil 
from SAP containing AI2O3 within limits of 6-7?* possesses 
sufficiently high mechanical properties at all temperatures 
of test. 
Temperature of test in C            20 200   250 275 300   400    500 
ultimate  strength in kg/mm2 31.3 21.8  19.8   16.613.4     7.0     4.5 

Thus,   the  optimum material  for manufacture of foil 
popsessing srood  formabillty is SAP containing 6-7/f AI2O3. 

For manufacture of foil we used pressed stock of 
dimensions 240 x 30 mm,   obtained by hot briquetting of pow- 
der,   sintering and  subsequent hot pressing.     Strips  Intended 
for rolling of  foil must not have  coarse  defects  {cracks, 
deep cavities  and  so  forth).     Strips  held at  500C  for one 
\\0\1r of thickness  30 mm were  rolled on a trio or quarto 
"ill   to  thickness of 5 mm.     After  strlpoing of edges  the 
5 mm  strips were  again held at  500C  for 30 min and rolled 
to thickness 2.5 mm;   then,   after trimming of the edges, 
they were  annealed at 350C  for removal  of internal  stresses 
for two hours. 

Further rolling was  conducted without heating;  to 
Co m-r   the  strip was  rolled on  a two-roll mill,  but from 
0.5 to  0.05 mm  — on a  six-roller ribbon mill.     After roll- 
in;- to  0.5 mm we  again cut the  edges  and performed annealing 
at 350C  for two hours.    Hot rolling of strips  from 30 to  5 
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mm was done In ten passes,  while from 5 to 2.5 nra we used 
six passes.    Cold rolling of strips from 2.5 to 0.5 nmi and 
from 0.5 to 0.05 ™ Is carried out In ten-twelve passes. 

Foil Is supplied In rolls of width to 150 mm with 
cutoff edges  (Fig 1). 

Fig 1.    Foil of thickness 0.05 mm, prepared from SAP 

During both hot and cold rolling foil Is prepared 
with large degrees of deformation.    In connection with this 
there Is great Interest In the Investigation of Influence 
of prolonged annealing on change of mechanical properties. 
For this purpose from one lot of foil were cut samples which 
were subjected to prolonged annealing at different tempera- 
tures.    Then samples underwent mechanical tests at normal 
and heightened temperatures.    Change of ultimate with tem- 
perature Is shown In the Table.    We see from the data that 
annealing of foil for 100 hours at 400C lowers Its ultimate 
strength very little as compared to unannealed samples, 
while annealing at 500C for 100-250 hours decreases ultimate 
strength only by 3-4 kg/mm2. 

The x-ray analysis conducted of foil from SAP showed 
that during heating to 500C the process of recrystalllzation 
Is absent.    There were not revealed any essential changes 
In microstrueture of the material during Investigation on 
the optical microscope (X500).    Consequently,  structure of 
material after prolonged heatings to high temperatures was 
stable,  which is an Important property of foil from SAP. 
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Table 

Change of mechanical properties of foil depending upon 
temperature and duration of annealing 

OsPC/KHM OTAitra 
TeMncpaiypa 

HcnuTamiH TeMiicpaTy- 
na OTAitra 

BUACpAKa 
HOC 

fipcjicJi npoiHocfit 

— — 20 31.3 

20 31.1 
200 25 200 21.8 

20 30.2 
250 25 250 19.0 

275 25 20 31.4 
275 16.3 

300 100 20 30.3 
300 13.6 

400 100 20 29.2 
400 7.62 

100 *    20 27,8 
500 500 4.0 

130 20 27.7 

- 250 20 26.3 

a - Conditions of annealing; b - Temperature of 
annealing C; c - Holding in hours; d - Tempera- 
ture of test C; e - Ultimate strength kg/mm2# 

Conclusions 

1. For obtaining of foil of thickness 0,05 mm and 
less It is recommended to use SAP with content of aluminum 
oxide within limits 6-7^. 

2. Hot rolling must be conducted in the Interval of 
temperatures 450-500C. 
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3. Prolonged annealing of foil to a temperature of 
400C lowers the ultimate strength very little. Annealing 
at 500C for 250 hours decreases ultimate strength at room 
temperature by 4«5 kg/mm2f and ultimate strength at 500C 
practically is not changed as compared to unannealed foil« 
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MANUFACTURE OP PIPES PROM SAP (p 90 of source) 

P.V, Klshnev, A.A. Grelman, B.l. Matveev, V#S. Zolotov 

(L.S. Perevyazkln, M.D, Levltanskly, N.D, Narozhnyy, 
G.M. Bagnenko, B.E. Klemenov, T.P. Prokudlna par- 
ticipated in this work) 

This work describes the technology of manufacture on 
factory equipment of round and shaped pipes and results of 
investigation of their properties and structure. 

Initial stock for manufacture of round pipes were: 
a) briquettes, obtained by brlquetting of heated 

powder on 1500 T press and then turned to pipe stock; 
b) pressed rods of diameter 120 mm cut to standard 

lengths and turned to pipe stock. 
It is significantly more economic and more convenient 

to use for pipe stock the pressed rods. Por obtaining of 
high-quality pipes it is necessary to do the brlquetting 
with preheating of powder to 500-5500, heating powder for 
3-5 hours in order to remove moisture and oils* 

Por obtaining pipe stock we used powder of brand APS 
with content of AlgOj within limits 6.5-10^. Pipe stock 
before pressing was heated In electric resistance furnace 
to 450-5500 (the same temperature as for rods and strips 
from SAP). 

Prom the heated pipe stock with external diameter 
118, internal diameter 67f and height 150-160 mm, on a ver- 
tical hydraulic pipe press (600 T) in a container with 
plunger diameter 120 mm we pressed pipe of dimensions 71 x 3 
mm with coefficient of drawing 10.5. Pressing of pipe from 
stock obtained from powder with content more than 8% ^-2^3 
turned out to be possible only with lubrication of container, 
while with content in powder of 6.5^ ^1203 lubrication of 
the container was not required. 

On Pig 1 Is shown the macrestructure of a rod of 
diameter 120 mm from which pipe was pressed. Pressed pipe 
of dimension 71 x 3 mm, shown on Pig 2, does not have on 
the surface any bubbles, scales or other defects» 

Prom the Initial rod stock of diameter 120 mm and 
from the pipes we prepared samples which underwent mechan- 
ical test at room temperature for determination of ultimate 
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strength and elongation. Results of these tests are given 
in Table 1« 

fiRAPWCHOT 
REPRODUCIBlf 

Pig 1. Macrostrueture of rod from which was pre- 
pared the pipe stock« 

Prom the Table it is clear that ultimate strength 
of pipe stock is higher by 2-4 kg/mm2 than pressed pipes• 
Elongation of pipes is 3% higher than the stock. Conse- 
quently, secondary pressing of pipes from stock lowers 
ultimate strength and Increases elongation. Obviously this 
is connected with the redistribution of aluminum oxide in 
aluminum matrix which is caused by secondary pressing« 

On the basis of investigations conducted it is es- 
tablished that the most successful combination of strength 
and elongation is shown by pipes prepared from powder con- 
taining not more than 6.5-7.5^ ^203^   ^P6 from sucl1 material 
can be additionally subjected to cold rolling» 

GRAPHIC NOT 
REPRODUCIBLE 

Pig 2. Pressed pipe 71 x 3 mm. 

One of the problems yas the study of the possibility 
of obtaining pressed pipes of different size with large 
coefficients of drawing. According to available data on 
the influence of degree of deformation on mechanical pro- 
perties and formability of SAP with content in powder of 
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Table 1 

Mechanical properties of pressed pipes and pipe stock 

HaHMCHOBaHHe npOMexcyTomiux 
Q^     .,  noji^aOpHMaioB 

CoAepwaHHe 
OKHCH aJUOMH- 
HMM B nvjipe 

npejiex 
npoMHOCin 
KPJMM* 

OTHOCM- 
TeJIbHOC 

'cL% 

^3aroTOBKa ^naMeipoM 120 MM 

pTpyöa 71x3 MM 

€.3aroTOBKa ÄHaMerpoM 120 MM 

fTpy6a 7\Xl MM 

6.H 
6,8 

8.7 
8,7 

33,0 
.30,0 
35,1 
33,7 

8.2 

11.0 
2.7 

5.3 

a - Designation of Intermediate half-finished products; 
b - Content of aluminum oxide In powder J{; c - Ultimate 
strength kg/mm2; d - Elongation %; e ~  Stock of diameter 
120 mm; f - Pipe 71 x 3 mm. 

7.5% ^2^3» pressing Is best carried out with a degree of 
deformation of 92-985S. 

We tried pressing of pipe of dimension 22 x 12 mm 
with coefficient of drawing 37. Stock for these pipes was 
prepared from powder containing 7*b% AI2O3, Pressing of 
pipes was done on a 600 ton press In a container with di- 
ameter of plunger 85 mm, heated to 350-4000, The SAP 
stock was heated for the first time In Induction furnaces. 
Surface of stock did not have defects. 

Pig 3. Pressed pipe 22 x 2 mm 

On Pig 3 Is shown pressed pipe 22 x 2 mm with smooth 
external and Internal surfaces (without bubbles, swellings 
or other defects). Results of mechanical tests showed that 
these plpss at 200 have a good combination of strength and 
plasticity. On the average ultimate strength constituted 
35 kg/mm2f and elongation was equal to 10%.    During measure- 
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ment of the wall thickness of the pipes It turned out that 
average variation Is within the allowed limits ot t  0*5 am« 

Prom the above It follows that on factory equipment 
It Is possible to prepare from SAP pipe of dimensions 
71 x 3 and 22 x 2 mm with coefficients of drawing from 1CK5 
to 37. This process does not evoke additional difficulties 
and does not require special technological equipment« 

Simultaneously with work on the pressing and rolling 
of round pipes we developed the technology of manufacture 
of shaped pipes. Conditions of heating and pressing of 
shaped and round pipes are Identical. We prepared shaped 
pipes: 

a) having Internal surface shaped, and external 
round (Pig 4); 

b) with smooth Internal and external surfaces; 
c) with shaped Internal and external surfaces* 
Pipes of form "a11 were obtained by pressing, pipe of 

form "b" by pressing with subsequent rolling, pipe of form 
"c" by pressing with subsequent rolling and drawing through 
a shaped die block« 

Results of tests showed that from SAP of any brands 
able to be deformed by hot pressing, It Is possible to ob- 
tain Pipes of t^e most diverse configuration. Pipes of 
form b and "c can be obtained from SAP containing not 
more than 7-8% ^1203. 

GRAPHIC NOT 
REPRODUCIBLE 

Pig 4. Pressed pipe with shaped Internal surface 

To establish  the necessary rolling conditions on 
the mill KhPT-75 we selected optimum speeds of supply of 
the pipes, Oondltlons of rolling are given In Table 2. 

It was established that an Increase of speed of sup- 
ply to 3-4 mm/mln does not affect the quality of surface of 
pipes of dimensions 78,5 x 2.5 and 78.5 x 3 mm- Therefore 
the optimum speed of supply for these pipes should not 
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exceed 3-* mm/minute. After rolling, at a temperature of 
450-A80C we forged (flattened) the ends of the pipe as 
necessary for subsequent drawing. Then the pipes Kere sub- 
jected to drawing (on drawing mill) with a speed 15 a/sec 
with a reduction of 1 mm per side In one pass (from diameter 
66 to 64 mm). The round rolled pipes after drawing (to 
diameter 64 mm) were subjected to drawing through a shaped 
die on the same mill. During drawing, on the surface of 
the rolled pipes there appear bubbles, which Is explained 
by insufficient holding time of the powder at 500-5500 
before briquetting. 

Table 2 

Conditions of rolling of pressed pipes 78,5 x 2.5 
and 78.5 x 3 mm on mill KhPT-75 

(,,»IL'pm.imiC 
M irv.ipe 

Al,()< 

li S 

Pa3MCp 
wpeccoHan- 

1 noif Tpyöw 
t    MM 

\ (r 

Pa.! step 
Ka.iiiöpa 

MM 

Himicrp 
onpaiiKii 

MM 

CKOpoCTb 
II 0,ia «III 

MM f MUH 

Mnrjio 
AKoiiiiux 

xo/ioB 
pKJICTII 

78.5x2,5 

78,5X3,0 83 <m 

r>2 4-5 (>0     i 

m    \ 

Pa3MCp 
Kainiioüi 
rpyöu 

t 

M, 62 

Note. As lubricant we applied spindle oll# 
Surface after rolling was smooth, brilliant. 

a - Content in powder of A^OjjJ; b - Dimension of 
pressed pipe mm; c - Dimension of die mm; 
d - Diameter of mounting mm; e - Speed of supply 
mm/min; f - Number of double movements of stand; 
g - Dimension of rolled pipe mm* 

In Table 3 are given the mechanical properties of 
pipe stock, pressed and rolled pipes at room temperature. 

From the Table it is clear that the ultimate strength 
of pipe stock is higher and the elongation is lower than 
for pressed pipes. After rolling and drawing the ultimate 
strength of pipes is Increased by 2.2  lcg/mm2f and elonga- 
tion decreases by 3.9^.  Increase of ultimate strength 
probably is connected with the work hardening appearing in 
the process of rolling and drawing of pipes. 
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Table 3 

Mechanical properties of pipes 

HaHyeHOBaHHe 
M    no.iy^aöpHKaioB 

npexeji 
npO«lHOCTM 

glCr/MMt 

OTHOCMTCJb« 
HOC 

y^HHeuHe 

Ä^npyToK AHanerpoM 120 MM 

^ripeccoBaHHaa Tpy6a 
7*.r>X2,5MM 
mTpv6a nucie Bo.io>ieHHii 
6M r2,i) MM 

33.0 
30.3 

32.5 

8.0 
10,9 

7.0 

a - Designation of half-finished products; b • Ul- 
timate strength kg/ma2; c - Elongation £; d « Rod 
of diameter 120 am; e - Pressed pipe 73.5 x 2.5 am; 
f - Pipe after drawing 68 x 2.0 mm. 

After pressing, rolling and drawing we measured the 
thickness of walls of the pipes. Results of measurements 
are given In Table 4# 

From the Table It Is clear that differences In wall 
thickness of pipes after rolling noticeably decreases and 
after drawing Is kept on the same level« 

GRAPHIC NOT 
REPRODUCBLE 

Fig 5. Maorostruoture of shaped pipe. 
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GRAPHIC NOT 
REPRODUCIBLE 

Pig 6. Mlcrostructures of pressed (a)f rolled (b) 
and drawn (c) pipes, 1400. 

105 



There were no essential changes noted In structure 
of the material in the process of manufacture of pipes« 
Macro- and microstructure of pressed, rolled and drawn 
pipes does not differ from structure of pressed half-finished 
products from SAP, 

On Fig 5 is shown the macrostructure of shaped pipe, 
and on Pig 6 the microstructure of pressed, rolled and drawn 
pipes« 

Table 4 

Differences of waV thickness of pressed, rolled 
and drawn pipes in mm 

k* Ji* To;iii;»ma CTCHOK 
fipcccoBaimux ipy6 

*t ***** 

S H r. is 
n o o a 
n O o C 
& SS u 

o 
a     or: 
r:      c ^ 

/«: ^ = H 

g S ££. 
r^ u H C 

o A o4- 
= ^ »: 5 rj o ^ £ 

5 = §5 

Mi s H - 2 
S at si s 
— o «-; o 
•t = o r- 
S o C C 

r-i H S n 
u 

sis TCOpCTII- 
lecKaH 

*iipaKTii- 
NCCKa* 

O J9 S> = 
= H r: o 
-; u u r- 
•c O O O 

cu = = •: 

78,5X2.5 2.25 2.40 
2.75 

0.35 1.99 
2.03 
2.01 
2.03 

0.07 2.10 
2.07 
2.05 
2.05 

0.05 

2.00 
1.98 

2.07 

78.5X2,5 2,25 2.4i2 0,23 1.96 0.05 2.08 o.ai 
• 2.65 

2.50 
2.37 
2.59 

2.00 
2.01 
1.9G 
1,98 
2.00 

2.11 

- 

78.5x3,5 3.25 3.36 
3,37 

0.21 1.96 
1.97 

0.15 1.97 
2.01 

0.15 

3.42 
3.51 
3.57 

2.00 
2.03 
2.07 
2.10 

2.00 
2.11 
2.07 
1.96 

• 1   2.11 
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Key: a - Dimensions of pressed pipes; b - Thickness of 
walls of pressed pipes; c - theoretical; d - actual; e - 
Differences of wall thickness after pressing; f - Thickness 
of walls of pipes after rolling; g - Differences of wall 
thickness of pipes after rolling; h - Thickness of walls cf 
pipes after drawing; i - Differences of wall thickness of 
pipes after drawing. 

Conclusions 

1. Round and shaped pipes from SAP can be prepared 
in factory conditions using existing technological equip- 
ment and gear (Just as pipe from aluminum and its alloys)• 

2. For manufacture of round and shaped pipes we 
recommend: 

a) pressing at a temperature of 450-5000 on vertical 
and horizontal hydraulic presses with specific pressure to 
90 kg/mm2 and speed of pressing 1 m/sec; 

b) cold rolling of pressed pipes be carried out on 
cold rolling mills; 

c) perform drawing (calibration) of rolled pipes for 
bringing their dimensions to final values on chain drawing 
machines, 

3. Prom SAP it is possible to draw pipe of dif- 
ferent configurations* 

4. The best combination of strength and elongation 
is shown by pipes produced from aluminum powder containing 
6.5-7.5^ Al203# 

5. Secondary pressing of pipes from stock leads to 
lowering of ultimate strength by 2-4 kg/mm^ and increase 
of elongation by 3% as compared to initial material. Rol- 
ling and drawing increase strength and decrease elongation 
of pipes depending upon the degree of deformation to which 
they can be subjected, 

6. From SAP it is possible to prepare round and 
shaped pipes with the same tolerances as for pipes from 
the aluminum alloys, 

7. Heating of pipe stock for hot pressing can be 
conducted in induction furnaces. 
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IBOHNOLOGY OP STAMPING OP ARTICLES PROM SAP ( p 98 
of source) 

B.I. Matveev, I.R. Khanova, E.I. Shchedrin 

(D.M. Llkhosherstov, I.I. Shelchtman partici- 
pated in this work) 

SAP as compared to aluminum deformable alloys pos- 
sesses lowered technological plasticity at room temperature. 
At high temperatures (450-5700) it can be subjected to any 
treatment by pressure (pressing, rolling, forging and stamp- 
ing). Technological plasticity of SAP^as we know from 
source material, is increased with increase of speed of 
deformation. 

Therefore it was decided to try manufacture details 
from SAP by the method of stamping on hammers, and also on 
presses with heating of stock to temperatures of 450-5700. 

STAMPING ON HAMMER 

Per hammer stamping we selected a piston. During 
its manufacture there occurs upsetting of material (mold- 
ing of bottom) and flowing (molding of skirt). 

The following variants of stamping of pistons were 
proposed: from briquettes, from sintered billets, from 
pressed rods. 

The initial material — briquettes, sintered billets 
and pressed rods — were prepared from aluminum powder con- 
taining 7-10^ AI2O3. Briquetting and subsequent operations 
(production of sintered billets and pressed rods) were per- 
formed by usual factory technology (without preliminary 
heating of powder). 

Investigations of mechanical properties of initial 
material showed that briquettes have very low strength and 
plasticity, whereas properties of sintered billets are near 
to properties of pressed rods (Table l). 

Stamping was performed by a 2 T hammer in a heated 
open stamp with lubrication. 

Stamping of pistons from briquettes. For stamping 
of pistons from briquettes we selected a temperature of 
5700. Briquettes were held in a furnace with this tempera- 
ture for 2-3 hours. 
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Table 1 

Property of briquettes, sintered billets and pressed rods 

HL 
BHA aaroTOBKii 

CoAep/KauHe 
AI2C)3 

C»   CflOHfTBa npn 2XfC 

39 
KF-MIMM* 

HB 
KFIMM* 

«*• CpHKCT 
9 9-10 0.1 

0.2 76 

10.4 6-12 0.1 

7 24 6 

0,4 

72 

ß- CneqeHHan aaro- 
TOBKa 

9 36 1.1-2.0 
107 

10,4 37-3« 1.0-1,5 

L   npccccmaiiiiuii                t. .. 
#npyTOK                                b-b 2H-.il 5-6 1,H       , 

i 

a - Porm of stock; b - Content A^Ojji; c - Properties 
at 200; d - Briquette; e - Sintered billet; f - 
Pressed rod# 

In the process of stamping, due to the low plasticity 
of briquettes, on the side surface, in the center of the 
bottom and on the sicirt of the pistons there were formed 
many deep cracks. Strong delaminations appeared on the 
bosses. Appearance of cracks on the side surface of piston 
can be explained not only by the low plasticity of material, 
but alec by the fact that in the process of stamping there 
occurred strong adhesion of the deformed material to the 
stamp. Therefore for improvement of flow of material we 
applied an aluminum covering of thickness 0*8 mm, which was 
placed between briquette and stamp Just before stamping. 
During stamping the shell was tightly connected with the 
material but no improvement of quality of stamping was ob- 
served, since on the shell and on the surface of the detail 
there were formed cracks (Pig !)• 
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Fig 1» Appearance of piston obtained by stamping 
from briquette with application of aluminum covering* 

Thus, stamping of pistons directly from briquettes 
in usual conditions did not give positive results« 

Stamping of pistons from sintered billets. Most 
fully was studied stamping during 530-5700 of pistons fro» 
sintered billets containing 7,9 and 10% AlgOj. 

On Fig 2 are given the macrestructure of the cross 
section of pistons with different content A^Oj» in tfre 
process of impact deformation on the internal surface of 
pistons from SAP containing 10% AI2O3 there was formed 
a consolidated crust which was partially scaled from the 
basic mass of material. Least compaction occurred in the 
zone of the bottom of the piston. 

•     On Fig 2, a is given the macrostructure of a piston 
with content of 7% AI2O3. The internal surface of the forg- 
ing does not have defects (with the exception of small 
stratifications on bosses), but on the external surface and 
especially in the region of transition of skirt there are 
seen cracks, whose formation can be explained by the low 
plasticity of SAP. 

Vorgingt  containing 9 and 10% AI2O3 had a large 
quantity of deep transverse cracks (Fig 2, b and c). 

For improvement of flow of the metal, as in stamping 
from briquettes, we applied an aluminum covering. It was 
found that on the forgings (with 7-9% AlgOj) there were 
small cracks in the flashing zone, Basiccaly however the 
forging was of satisfactory quality (Pig 3). 
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GRAPHIC NOT 
REPRODUCIBLE 

Fig 2. Macrostructure cf cross section of piston, 
produced from sintered billet. 

p.    .   77:    ÄI2O5;    b   -   9^   AI2OT;    C    -    10t   AI2O3, 

Use during stamping of sintered bil 
10% A:.2^;of tho aluminum covering did nr-t 
quality/ In this case it is advisable to 

ets, containing 
improve the 
reduce the stamp- 

ing in a closed Gtajnp, 

Sillu  IS^y 

rirr "■:•,  A-::^arance of piston obtained by method of 
stamping from sintered billet with application of alualnua 
covering 
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mwM 
Pig 49 Appearance of piston obtained from pressed 

rod with application of aluminum covering* 

Stamping of pistons from pressed rods. For stamping 
of pistons from pressed rods ire selected a temperature of 
5700« Stock was held In furnace at this temperature for 3 
hours. Before stamping the rods were subjected to prelim- 
inary upsetting« 

Since the material of the pressed rods Is more plas- 
tic, the forging from It do not have transverse cracks and 
rents characteristic of billets and briquettes. The char- 
acteristic for briquettes and sintered billets scaling on 
Internal surface of piston is absent. Macrostructure of 
piston Is fine and uniform. 

Oood results were also obtained with application of 
the aluminum covering (Fig 4). 

MBCHANIOAL PROPERTIES OF PISTONS 

Samples for determination of mechanical properties 
of pistons were cut in a definite pattern (Fig 5). 

C5 CP CJ O 

ä ö 

Fig 5* Pattern of cutting of samples from piston 
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The mechanical properties of these samples at 20C 
and heightened temperatures are given in Tables 2 and 3$ 
from which it is clear that the best properties are pos- 
sessed by forging from sintered billets with 9% ^12^3« 
In stamping of sintered billet vrlth 7% AI2O3 Improvement 
of mechanical properties was not observed. 

Table 2 

Mechanical properties of pistons at 200 

a, 
CoAepHt'rlHMC 

AI203 
-6- 

o5pa3itoD 
CO  CXCMC 
{fynu 5) 

KfJMM^ 
1 
% 

HB 
KrfMMi 

9.0 CLBpHKCT /,   .flJJO O' 35.4 3.3 114 
.?. wÖK-a^ 25.8 1.7 101 

7 ) €Xn 'feiHMH aaro- /. ÄH^f 23.6 5.3 68.3 
TOBKa 

2, looka^» 25,2 2.0 54 

9.0 6Cncqcif!fas aaro- /. Ä».'o f 37,1 2.0 107 
TOBKa 

2. K>5KaXy 

37,8 .   4.3 107 
35.8 — 107 

2, loÖKa/- 36.0 3.3 107 
3, IOöKM K* 36.4 2.1 107 

r v '   • 
3, jo^Kak« 34.0 — 107 

f      . . 

:       645 *" npocronafniMh /, Ä«C}/ 24,8 6.0 65.5 
np}tOK 

/.   ÄHO.^ 25.4 10.0 72.4 
2t  !06k2 t 27.4 13,3 72.4 
2. wÖKail 27.1 14,0 65.5 
5, io6Ka^ 26;5 12.0 65.5 

■ 

J; ?o6i:r. f. 
• 

25.4 9.0 68.0 

a - Content iipO-j^; b - Form of  stock; c - No. of 
samples on iia-ram Hifr. 5);   d - Briquette; e - Sin- 
tared billet; - Pressed rod; g - bottom; h - skirt. 
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Table 3 

Mechanical properties of pistons at 
heightened temperatures 

O* 
BMA SirOTOBKM 

MßM KTiMnOBKH 

CoAepA'aHite 
OKKCH 

MIOMNHHa 

% 

npHdoo* n^H350* 

I 
% 

n&i4w 

I 
% 

»SpMiceT 

eCaMCMIttfl MfOTOBKa 

f UpttcoMHHuS npyroK 

9.0 
9.0 
6.5 

«.6 
15,6 

^--10 6-^ 

7.0 
IM 3.5 

a - Fora stock for stamping; b - Content of alum- 
inum oxide £; o ~ at; d ~ Briquette; e - Sintered 
billet; f - Pressed rod. 

ST1MPIHG ON PRESS 

(H.H. Aperyanova participated in this work) 

The laboratory investigations conducted shoved that 
optimum for stamping on press is a temperature of 450-5000. 

As a detail for stamping on press we selected a com* 
pressor blade. Initial material — pressed rods of diameter 
30 mm - were obtained from aluminum powder containing 7~8p 
II2O3. Before pressing of rods there was conducted prelim- 
inary heating of the powder* Properties of initial pressed 
rods are given in Table 4. 

Table 4 

Properties of initial pressed rods 

TeMneparypa 
McnuraHMfl 

0.    0C 
npeAeji npoHHocTH 

|        tcF/MM* 
4 

OTHOCHTeJkHOe 
yjUHHemie 

20 
500 

27-30 
8-9 

6 
2 

a - Temperature of test C; b - Ultimate strength kg/mm2; 
o - Elongation %. 
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The blade was produced In two operations: upsetting 
of head and final stamping. After every operation we In- 
vestigated the properties and structure of the blade. 

GRAPHIC NOT 
REPRODUCIBLE 
Fig 6, Macrostructure of stock after upsetting of 

head. 

On Fig 6 is presented the macrostructure of the stock 
after upsetting of head on horizontal forging machine at 
5000 (beating before upsetting for 2-3 hours;.  Defects in 
structure of stock are absent. 

After final stamping on press at 500C, on the blade 
there were formed cracks at the transition from basic ma- 
terial to the flashing.  These defects were removed by 
further machining (Fig 7).  Thus, stamping at 500C gave 
satisfactory results. 

Samples for determination of prolonged strength were 
cut from the blade and from the stock after upsetting of 
heads.  As shown by results of tests at 500C for 100 hours, 
the value of prolonged strength of samples is the same as 
for the initial material (4,5 kg/mm2).  Samples cut from 
the stamped blade had a microstructure sharply stretched in 
the direction of deformation of the material (Fig 8K 

4 
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GRAPHIC NOT 
REPRODUCIBLE 

Fig 7. Compressor blade prepared by method of stamp- 
ing on press. 

GRAPHIC NOT 
REPRODUCIBLE 

Tig 8. Mlcrostructure of sample taken from stamped 
blade, Z300. 

Ooncluslons 

Pressed rods have the best technological properties 
for stamping by hammer. 

From briquettes, due to their low plasticity it Is 
Impossible to obtain high quality details in open stamps 
even with application of an aluminum covering. Details 
stamped from sintered billets containing not more than 9% 
II2O3 had the best mechanical properties. 
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MECHANICiL PROPERTIES AND STRUCTURE OF FORGED BILLETS 
FROM SAP (p 105 of source) 

P.V, Kishnev, L.S. Perevyazkln, 
A#A. Petrova, W.N# Averkljia 

(G.M. Bagnenko, V.I, Sverlov participated In this work) 

In connection with the increased needs of industry 
for stamped and forged details from SAP there appeared the 
necessity of a search for the optimum conditions of forging. 
With this goal we studied forging of billets obtained from 
pressed rods of SAP. 

For the investigation we selected aluminum powder of 
brand APS-1, containing 7.1%  Al203e For forging we selected 
rods of.square (3^ x 36 mm) and round {diameter 110 mm) 
sections, 

FORGING OF BILLETS FROM RODS OF SQUARE SECTION 

Rod? of square section were prepared from briquettes 
obtained by pressing of both heated and cold powder In cold 
containers with subsequent compaction and sintering. 

GRAPHIC NOT 
REPRODUCIBLE 
Fig 1. Macrostructure of rod of section 36 x 36 mm, 

prepared from briquettes obtained by cold (a) and by hot 
(b) brio actting. 

On Fl^ 1 is shown the macrostructure of rods prepared 
from briquettes obtained by hot and cold briquetting (sam- 
ples were cut from the two ends and from middle of rod).  On 
Fig 2 is presented the microstructure of these rods with 
magnification of 250.  Structure of rods from briquettes- 
obtained by both methods is identical.  This microstructure 
is characteristic for the Dressed half-finished products 
from SAP. 

Tests of mechanical properties of rods were conducted 
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at 20 and 5000. Results are given in Table 1. 
from Table 1 It is clear that the values of ultimate 

strength and elongation of rods from briquettes obtained by 
pressing of powder in heated and ccld states are little 
different. 

Forging of procurements from rod was done on a 
pneumatic hammer of capacity 150 kg« The billets were 
heated in electric resistance furnaces without protective 
atmosphere to temperatures of 450, 500, 550, 600 and 6500. 
Five billets of the eight were obtained from briquettes 
of heated powder and three from cold pressed briquettes« 
Prom the billets we free forged plates of section 10 x 65 mm 
using the conditions given in Table 2. 

Pig 2. Microatructure of rod 36 x 36 mm, prepared 
from briquettes obtained by cold (a,b) and by hot (Cjd) 
brlquettlag, 1250. 

a9c - longitudinal sections, b,d - cross sections 
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From every forged plate we cut templets for macro« 
control in longitudinal and tran&verse directions. On 
Fig 3 is shown the macrostructure of all eight plates 
forged in the longitudinal direction.  Two plates forged at 
6000 from rods obtained by briquetting of both cold and heat- 
ed powder had cracks* All the remaining macrographs were of 
satisfactory quality. 

Table 1 

Mechanical Properties of Rods of Square Section 
(Longitudinal Samples; 

Cnocoö ßpHKCTHpopanHH JS2      ■ 
oöpasua 

4.   ! 

npT» 20° flpii 500° 

a*       1,yApu 
»8 1 

•o 
ft 

oC-BpHkCTHpouaitHc HarpcTOH nyapw i 29.3 12.0 6.5 2.4 
2 |     29.5 12.4 8.0 2.0 
3 ! 29.*3 1 14.0 6.6 2.0 
4 :    29.0 12.0 5.8 1'2 

£, tipJiKCTHpocamjc XO.TO^HOH ny^pu I 29.2 12.0 7.3 I   2.4 
\      2 29.0 I 12.0 7.3 1   2'4 

|      3 29.8 | 12.0 7.8 l   2.0 
• 4 29,8 12.0 7.7 2.4 

a ~ Method 
c - At; d ^ 

of briquetting of powder; b - No. of sample; 
■ Briquetting of heated powder; e - Briquet- 

ting of £old powder 

From Table 3 it is clear that the best combination of 
strength and elongation is observed in plates forged at 
5500 with both hot and cold briquetting of powder.  Thus, 
for Instance, at a temperature of forging of 4500 for forged 
plates prepared from briquettes of heated powder, the ul- 
timate strength at 20C constitutes 27.9 Icg/mmS, and elonga- 
tion is 11.65?; at a teiaperature of forging of 550C the 
strength was increased to 29.1 kg/mm^, and elongation to 
16.4^*  Consequently, forging of billets from SAP at 550C 
increases the strength by 1-2 kg/mm^, elongation by 3-5^ 
and also improves the quality of surface as compared to 
forging A500, Macrostructure of plates forged at 5500 is 
normal for SAP, 
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Table 2 

Conditions of Forging of Billets 

Teunepa- Bpeica Teiinepa- Tcxnepa- 
?ypa 

urpesa 
■axoxc- 
ACHM« HaqaJia 

typa   j 
Ko:ma 

CROCO6 
6pIlKeTHpo- PeayjbTary ocMotpa 

• new B neiH KODKH KOBKH UHHl |                    BQBCpAllUCTH 

a.#c   | l^W i^c ! la*  \ e- 1 f 
470 2.0 450 320 JTopaHCC 

* 
CfloBepXHOCTb  ynooacTBO- 
pmeaMaa; TpeuiHw HCT 

510 2.5 500 540 VfopMce 

UCoxoAHoe. 
To Äe j 

i      * 
MS j    3.0 550 360 ^Topaiee 

iiXoaoaHoe 
i      • 

CTpClllHHU C ÖOKOBOft CtO- 610 i    3,5 600 350 ^Topaice 
pOHU no BCCfi JI.1I1HC 

iXoaojHoc JTo^e 
660 |    4.0 650 1    m 

jjXopanee ^noaepxHOCTb  yiOBaeiBO- 
mntÄMMi TpeniNH Her 

a • Temperature of heating in furnace 0; b - Time 
In furnace In hours; c - Temperature at beginning 
of forging 0; d - Temperature at end of forging 0; 
e - Method of brlquettlng; f - Results of Inspection 
of surface; g - Hot; h - Odd; 1 - Surface satis- 
factory, no cracks; J - The same; k - Cracks on 
lateral face over entire length« 

Hote !• Per equalizing of temperature billets were 
held In furnace for 30 minutes• 

2. Insignificant lowering of temperature of billets 
occurred during transportation to hammer. 
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Prom every forged piate we cut in t&e longi1^ijii|; 
direction samples for meohanloal tests. Results.of 1i*Ät§. 
are given In Table 3. (See page^^3) 

r  » 

GRAPHIC NOT 
REPRODUCIBLE 

Fig 3. Macrostructure of piites forged at 450 
(a), 500 (b), 550 (c,d), 600 (e,f), 650Ö (g^). 

FORGING OF RODS OF POUND SECTION 

For confirmation of results o 
of rod cff section 36 x 36 mm, we als 
billets from rod of diameter 110 mm, 
of heated aluminum powder containing 
billets we forged on a hammer with M 
of 400 kg plates of dimensions 19 x 
using the same conditions of forging 
10 x 65 mm. We then investigated th 
plate in longitudinal and transverse 
conducted mechanical tests at 20 ana 

btained during forging 
o subjected to forging 
prepared from briquette 
5.7%  AlgOj. From the 
Ight of impacting parts 
70 t  730 mm at 5500 
as for the plates   .. 
macrostructure of the 
directions, and also 

uO, 

&RAPHIC NOT 
REPRODUCIBLE 

Fig 4, Macrostructure of plates in longitudinal 
(a) and trar^vorse rections« 
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fiMPHICNOT 
REPRODUCIBLE 

Fig 5» Microstrueture of samples in longitudinal 
(a) and transverse (b) directions« 

On Fig 4 is shown the macrostrueture of the plate, 
and on Fig 5 the aicrostructure of slides out from middle 
of the same plate in longitudinal and transverse directions. 
From figure- it is clear that the slides have a banded tex- 
ture» 

Results of mechanical tests of samples cut from mid- 
dle of plate are given in Table 4. 

Table 4 

Mechanical Properties of Plates 

&> KanpaMeHNc 
•Hpe3KH oCpmoB 

M3 OJiaCTNHH 

-^npH 20° >Mlpii «Kf 

KtJMM* 
I 
% 

ft 
% 

£»npOAO«tHue 

4ilofiepe«Hue 

31,0 
31.2 

29.9 
29.6 

10,4 
10.0 

8.0 
8,0 

8.8 
8.8 

8.3 
7.7 

I   4,0 

3,6 
1   1.6 

a • Direction of cutting of samples from plate; 
b - At; o « Longitudinal; d - transverse. 

From Table 4 it is clear that the ultimate strength 
and elongation for forged plate in the longitudinal direc- 
tion are higher than in the transverse. Strength of samples 
cut from atrip in the longitudinal direction constituted 
at 200 — 31.2 kg/mm2, and elongation ~ 10A%;  ultimate 
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strength of samples, cut across the strip was equal to 
29.6 kg/mm2 and elongation — 8.0^. 

Conclusions . 

The investigations conducted showed the possibility 
of forging of billets from SAP on existing factory equipment, 
3est combination of strength and elongation is obtained at 
a temperature of the beginning of forging of 550C and termin- 
ation — 360C. 

Method of briquetting of aluminum powder has no 
effect on mechanical properties of pressed rods and forged 
plates. 

Table 3 

Mechanical Properties of Plates 10 x 65 HIT After Forging • 

OU   PeiKHM   KOBKH 
C» Cnoco6 

opHKCTHpO- 
BaHHfl 
nyap« 

dU npH 200 oLnpi« 500° 
Teknepaiy- 
pa Ka(ia,ia 
.KORKH 

p 0C 

TennepaTv- 
pa KOHua 
A KOBKH KrJMM' % KP MM* % 

450 320 

340 

ar>o 

gJopHMCO 27.0 11,6 7.6 3.0 

500 CfopHMce 28.4 

28. K 

13,6 8.2 3.6 

fXo^OflHOC 15.2 

IM 

8.0 3.6 

550 C-FojiBMee                 2!M 7.7 4.7 

\ Xo.iOAnoe 2S.7 16,0 8.3 3,6 

6U ^Popji'ieo 

rNo.vuitot 

0    ()6pa3llhl   HC   ll3rOTOB.lH.1HCb 
T H3-:ia Tpcmiin na n.iacTHitax 

t-,)i) i        360       lernpuMee        I      27.:»      | 10.0 I        6.5      |   3.0 

(a) Conditicna of forcing; (b) Temperature at beginning 
or for«inc; C; (c) Method of briquetting of powder; (d) 
At; UT Hot; (f) Cold; (2) Sa^pl^? v.^re not prepared be* 
csune cf araeks on plates (h) Temperature at end of forplni? C» 
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WELLING OP SAP-1 (p 111 of source) 

IiuV. Melnlkov, Y.V. Zyukln, V.I. OboturoT 

(Work was conducted under leadership of K.?. 
Martlshln, with participation of M.V. Korotkovat 
?•!. Leonov, and O.T.  Martlshln)• 

Imrestlgatlons of welding by fusioi: and resistance 
welding of SAP-l were performed on sheet samples of thick- 
ness 1*5 am, obtained from preliminarily treated briquettes« 
We used hand argon arc welding with use of a flux, spot and 
roller electric welding on machines of type MTPT-400 and 
MShShI-400. 

WELDING BT FUSION 

During hand argon arc welding of samples from sheet 
SAP with filler material SAP-1, the alloys AMts, AK9 AMg6f 
B6l could not be satisfactorily welded without flux (Fig l). 
A high-quality welded joint was obtained with use of filler 
wire of brand AK and flux AP-4A (in the form of paste) which 
was coated in a thin layer on the welded edges from the 
treated side of seam (Pig 2), 

GMPKICNOT 
REPRODUCIBLE 
Fig 1. Macrograph of welded joint, made by argon 

arc welding; filler AK. 

fiRAPHRNOT 
REPRODUCIBLE 

fig 2. Macrograph of welded joint, made tj argon-arc 
welding with flux, filler IE. 
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Thickness of nu terlal constltued 1.5 am, diameter of 
electrode ~ 2.0 mmr current Intensity — 60 a, diameter 
of filler wire — 3.0 i:m9  expenditure of argon — 6-7 liters/ 
minute. 

The tests conducted showed (Table l) that ultimate 
strength of welded samples is lower than basio material» 

Table 1 

Results of Tensile Tests of Basic Material 
and Welded Samples of SAP-1 

ou 
o. 
o 

3; 

22* 

4 

,» 

H 
IK* 

19* 

TcMIK'p.'J- 
typa 

HitH 

IlpeaeJ! npoMHocm 

OCHORHOIO IcBapiiNx 
Marcpnana o6pa3UOB 

>. 

TeMiiepa- 
Typa 

MciibiTa- 
HHR 

llpeae^ npoMHOCTH 

OCHOBHOIO 
Marcpnajia 

i 
500 13.3 K.S i ;M)0 22,3 

1 rm 14.7 H,3 8 .300 21,0 

rm 11,2 8.4 i 9 300 22.6 

5()0 10,0 5.5 13* 300 ~ 

.r)(K) 4.0 JO 20 34,6 

5()0 — 7.8 16 20 — 

400 19,6 13.7 — — 

400 14.9 12.3 11* 20 — 

400 13.1 13.6 12* 20 — 

400 — 10.0 14* 20 — 

400 '—   i 7.4 — ~ 1 —   ji 

CBapHHX 
oöpaauoB 

18.9 
19.3 
20,0 
11.9 
33.7 

33.7 

17,6 
16.5 
15.0 

a - No. of samples; b - Temnerature of test 0; 
c - Ultimate strength kg/mm^; d - basic material; 
e - welded samples. 

Note 1. Samples with the sign "^ were tested 
with bead removed, 

2. üt all temperatures of test failure was in 
seam» 

Metallographie investigations showed that t: e struo« 
tare of the basic material consists of an aluminum base and 
particles of aluminum oxide (Fig 3). On approach to the 
fused metal th« structure changes; there is clearly revealed 
a grid, at first thin, and then consisting of massive grains, 
stretched along the sample (Fig 4), 
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fiRAPHICNOT 
REPRODUCIBLE 
Pig 3. Mlcrostructure of basic SAP-1, X500. 

Boundary of transition from basic material to fused 
Is expressed sharply^ but & clear boundary between the alum- 
inum base and the fused metal is lacking (Pig 5). In the 
aluminum-silicon eutectic there are conspicuous inclusions 
of aluminum oxide, which probably lead to the high tempera- 
ture strength of the welded joint* 

In Table 2 are shown the mean values of strength of 
the basic material SAP (rf = 1.5 mm) and welded joints. 

GRAPHIC NOT 
REPRODUCIBLE * ■'■»  ■ 

Fig 4. Mlcrostructure of welded Joint, filler AK, 30.00. 
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GRAPHIC NOT 
REPRODUCIBLE 

Fig 5. Mlcrostruoture of welded joint, filler AK, X500. 

Table 2 

CMneparyp.-i 
HCnblTHItHH 

4r   fIi^ 

ocnouiioro 
(•    MarepMajia 

20 :u.6 
300 22.0 

too 15,5 

500 12.0 

ceapiiNx 
fli c yciiJicHneM e. 

CBapHNX 
6e3 ycii^ciiHM 

33,4 17.1 
IS.5 12,5 

12.:. *.o 
H.4 i 5.K 

a - Temperature of test C; b - Ultimate strength of 
samples in kg/mm2; c - basic material; d - welded 
with bead; e - welded without bead 

CONTACT WELDING 

Per the investigation of the possibility of roller 
and spot welding of SAP-l we prepared samples of dimensions 
110 x 220 mm (for roller welding) and 25 x 120 mm (for 
spot welding), then degreased them, and the place of welding 
was cleaned with a clean steel brush. We conducted several 
experiments for the purpose of determination of optimum con- 
ditions of welding. Welded samples were subjected to me- 
chanical and metallographic investigations. 
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HOLLER WELDING 

Boiler welding «as performed on the machine MShShI-400 
using conditions jhomt In Table 3. 

Table 3 

I 
*fl 

ttthHOCXh 
CMpKM 

* 
3 

mm 

CfyncHL 
Tpanc- 

•.14 
0,12 

J.0 
2.2-2.^ 

1.8 

4 
4 
3 

UJar 
pOJKKa 

2.9 
2.9 
2.9 

CfcopocTi» 
CBipKH 

{B ACJieHHMX 
MKtJIH H 

UBCT IHM 

20 
21 
20 

p-CepcÖpMCTufi 

kCepufl onenoK 

U fpnaHO-cepuft 

a - lo. of conditions; b - Duration of welding, sec; 
0 - Pressure In ata; d - Stage of transformer; 
e - Step of roller, mm; t - Speed of welding in 
scale divisions; g • Color of seam; h - Silvery; 
1 • Sray cast; ]  - Dirty-gray 

Samples «elded by conditions shown in Table 4, were 
subjected to mechanical and metallographic investigations« 

Results of mechanical tests of samples of thickness 
1*5 MI are presented in Table 4, 

Metallographie investigations showed that the micro« 
structure of the welded core constitutes an aluminum base 
with impregnations of particles of aluminum oxide* In 
separate places there is no solid fusion, there are cor- 
spicuous stratifications and scale. This probably occurs 
due to nonuniform preparation of surface for welding« 
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Table 4 

JlS pC'iKHMa 
csapKM 

a. 

Paspymaiomec 
ycHane XapaKiep paapyuicHHH 

520 
440 
510 

^Cpea no may 

tTo JKC 

• 

1 500 

490 
500 

• 

• 

570 •                                       1 

640 
620 

f PaspHB no 30He   xepMHuccKoro BJIHUIIHSI 

2 
670 

620 
590 

i                                                                                              ' 

^Cpe3 no msy 

F-To nee 
620 J'PaapMB no soue TepMiiwccKOro B.itisiiiiiscocpc- 

poii 
610 [f PaapHB no 3oiie TepMit'iecKoro BJIHHHMS 

• 
<           500 

490 
dXpea no oiBy 

eTo xe 

3 
460 
480 

• 

• 
|           £70 • 

480 \        m                    • • ' 

385 1         . 

a - No, of condition of welding; b - Rupture force, 
kg; c - Character of failure; d - Shear along seam; 
e - the same; f - Tensile in zone of thermal in- 
fluence; g - Tensile in zone of thermal influence 
with shearing. 

GRAPHIC HOT 
REPRODUCIBLE 
Pig 6. Macrograph of welded sample made by roller 

electric welding. 
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Hg 7* Micros true ture of welded sample made 
roller electrio welding, Z100« 

Fig 8« Micros true ture of welded sample made bjr 
roller electric welding, 1500. 

Results of metallographic Investigations are shown 
on fig 6,7,8 and in Table 5. 

Table 5 

M peatmia 
^  CMPKN 

1 
2 
3 

UJHpHHa Hjipa 
A        MM 

r.iy6Hna nponjiaB.iCHHH 

Or % 

H.O 
8,5 

13.0 

66,0 
60.0 
66.0 

a - Mo. of condition of welding; b - Width of core, 
c - Depth of melting %. 
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im. 

Samples welded under optimum conditions (conditions 
2) were subjected to mechanical tests at temperatures of 
300, 400 and 500C (Table 6). 

Table 6 

TcMnepa- 
•      typa 

HCnwraHH« 

npciic/i 
npO'lHOCTH 

jKrJMM* 
XipaKTcp paapyuieHHfl 

Of 

22.6 MpaapMB IIQ 30iic TCpMinecKoro BJIHHHHA 

20 24.2 tTo »e 
19.8 f Cpea no TOMKC 

■- 

20,7 «ipaapwB no aone TepuHHCCKoro BUHUHHSI 

14.9 ötPaapue no 3011c TepuinccKoro B^HBHIIH 

17.3 €Jo *e 
300 12.3 • 

18.2 • 

14.9 fltpaapuß no sonc TepMificcKoro B^HRHHH 

400 10.0 eTo ace 
13,7 • 
14.8 • 

9.3 d-PaapWB no 3toiic TepMiinecKoro B.IIIJIIIHH 

9.8 t-To KC 
500 15.2 • 

9.7 • 
16.5 • 

a - Temperature of test 0; b - Ultimate strength kg/mm2; 
c - Character of failure; d - Tensile along zone of 
thermal Influence; e - The same; f - Shear along spot 
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SPOT WBLDIMG 

Spot welding of sample was performed on the machine 
MIPT-400 using conditions shown in Table 7* 

Table 7 

«-M flpOAOAHCII- 
TeJIMIOCTb 

CBapKII      j 

C/ BpeMH 
BK.IIOnCHIIH 
AOII0.1HII- 
Te-ibftoro 
HMn}Mbca 

B^Eim 3a- 
nasAUBaHiiii 
KOBKH B  AC- 

«emiflx 
oiKajiy 

%aB.ieHiic B «in fCtyncHk 
tpaHC<|»op- 

MaTopa 
pcAiuia 
CUpKH 

^0 Pi Ä 

1 
2 
3 

0.16 
0.16 

0.06 
o.os 
0.06 

7 
7 

0.8 
0.8 1 
0.8 

0.8 | 
0.8 | 

1.0 
0.8 
0.7 

4 
14 
10 

a - Ho. of condition of welding; b - Duration of weld- 
ing sec; c - Time of additional impulse, sec; d - Time 
lag of forging in scale divisions; e - Pressure in 
atm; f - Step of transformer. 

Note: Table 7 is in abbreviated form and presents 
only the basic parameters of the conditions of welding« 

The welded samples were subjected to mechanical and 
metallographic tests. Results of mechanical tests of sam- 
ples of thickness 1.5 mm at 20C are presented in Table 8, 

TaMe 8 

PexcHu 
mapKii 

Paapyuiaioiiiee 
YCI1.1HC XapaKTcp paapyiueiiHfl 

»7r. 
I m 

575 

130 
2 470 

505 

425 
3 465 

430 

ACpCS  IIO  TU'iKt' 
C-To *c 

rPajpbiB no 30iic TepMitMCCKoro B.IHHUIIH 

4jCpc3 no roMKe 
d To we 

pPaipuB no aoue lepMH'iccKoro BJIIIMHHM 

dcpea no TO'IKC 

€»To äC 

a - Oonditton of welding} b - Rupture force kg; c - 
Qnaracter of failure; d - Shear in spot; e - The same; 
f - Tensile along zone of thermal influence« 
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Metallographic investigations showed that the micro- 
structure of the welded spot consists of an aluminum base 
and particles of aluminum oxide. Along the edge of the 
spot there are conspicuous weakly etching fields, consti- 
tuting the aluminum base with a smaller content of aluminum 
oxide than in the basic material. On some sections of seam 
(spots) there are regions of nonfusion of the material. 

GRAPHIC NOT 
REPRODUCIBLE 

Fig 9. Macrograph of welded spots 

GRAPHIC NOT 
REPRODUCIBLE 
Fig 10. Microstructure of welded spot, X500 

Results of metallogr^phic investigations are shown 
on Fig 9,10 and are given in Table 9. 

■ A> 

Table 9 

Q^ pCA'HMa 
Ch.lpKM 

ÄHÄMCTp  lOMKM 

■6-     *M 

rnyÖHHä   npOIIMKHOBeHK« 

o % 

I 

2 

3 

12-13 

12 

9 

60 

60 

70 

a - No. of condition of welding; b - Diameter of spot, 
mm; c - Depth of penetration %. 
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-,■,—.- V^W^vt-No-'-^S»«; ,'rv(rt..'->1
,--*^>---vV.^.V^>-i->*.«,^.:v..,.1,^1,->vv„„Vir,, 

Ooncluslons 

1« It was determined that argon arc welding of 
SAP-l with applioation of flux AP-4A is possible with the 
use of high-temperature annealing of briquettes« 

2. Strength of welded joints constitutes 95% of 
the strength of basic material at room temperature and 70% 
at a temperature of 5000« 

3* Roller and spot welding of SUM. is possible also. 
4. Strength of welded joints made by spot welding 

is fully satisfactory and is not less than the strength of 
welded Joints of the high-strength aluminum alloys of type 
D19A.T, B20A-T, D16A-T. 
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ROLLING 01  SHEET MATERIAL DIRECTLY PROM ALUMIHOM POWDER 

V.A. Onoprlenko, V.G. Khromovf 
LrS. Romanova, G#P. Tlkhanov 

(In this work participated N.N. Kashirin, N.A. Malekhatnov, 
M*A. Moiseev, E.A. Petrov, B.A. Borok, A.P. Malin, A.N* 
Potapov) 

(p 119 of source) 

In Soviet and foreign literature there have been 
published several articles on questions pertaining to rol- 
ling of powders of the ferrous and nonferrous metals. Re- 
garding, however, the technology of manufacture of sheet 
material by direct rolling of aluminum powder (with content 
to 9-10^ of aluminum oxide), neither In foreign or Soviet 
literature is there information. 

The object of our study was the Investigation of con- 
ditions of manufacture of sheet material from SAP by roll- 
ing of powder of brand APS and clarification of the fundamen- 
tal possibility and expediency of obtaining it by this method. 

Pig 1.  Diagram of vertical rolling of powder, 
1) bunker, 2) powder, 3) rollers, 4) tape. 

Rolling of the powder constitutes the process of 
continuous pressing by two rollers of a rolling mill revol- 
ving in opposite directions. Rolling of powder can be per- 
formed with horizontal (Pig l), or other positions of pol- 
lers.  For creation above the rollers of a column of powder 
of comparatively constant section and height we use a bunker 
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iuee  Hg l)m    forced supply of powder to the rollers pro« 
motes liproveaent of quality of tape rolled fron powder. 
Boilers have to heve a smooth working surface Md flanges 
(H$ 2). Rolllag of powder occurs on the defozaation see* 
tlon determined bj the angle of capture«(see ilg l)# and 
Is finished with exit of tape or sheet fro« gap between 
the two rollen« 

fo decrease or increase the angle of capture we use 
a baffle (fig 3) that allows a corresponding change of 
thickness of the rolled tapes» 

iluBBinuB powder used for manufacture of sheet 9a* 
terial (tape, sheet), should have good rollabillty, which 
depends on bulk wsight, looseness, form of particles, dis- 
persiveness and other factors. Bulk weight of powder de« 
termines thickness and desnity of the rolled tape or sheet. 
Other things being equal the thickness of tape is directly 
proportional to bulk weight. Looseness of powder gives the 
possibility of judging about the permissible speed of roll« 
lag* Powder with particles of spherical form cannot h.» rolled 
fully satisfactorily. Powder with particles of flake foxm 
Is rolled well. 

ÜLja. 
—3u 

m 
fig 2.    Diagram of rollers with flanges, Di and 

$2  are diameters of rollers» 
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Pig 3. Diagram of rollers with baffle, 
1) baffle, 2) bunker, 3) rollers, 4) tape, 5) powder 

During our work we used aluminum powder of brand APS 
with various content of aluminum oxide H— unannealed 
powder; 0-~annealed powder: lot No 13—-H (9»6~9.7^); 13-0 
{9.9-10.150; 14-H (7%)i  14-0 (9.3^); 21-0(10a5#) and pul- 
verizate {1.5*2.5%). 

On Fig 4 are shown particles of powder: original 
nonseparated (a) and separated by fractions (b), while 
Table 1 gives chemical analysis, b^lk weight and screen 
composition by fractions. 

On Fig 5 are shown p-rt4 'es of nonseparated powder 
(a) (the same fractions as :n ., ^) in the field of view 
of a microscope. Large differaact in magnitude of particles 
of powder can lead to a condition in which on the surface • 
of tape rolled from such powder there are formed cracks due 
to heterogeneity of deformation of particles of powder of 

large and small dimensions. 
For determination of influence of oils contained in 

the powder on reliability we used unannealed powder and 
powder annealed in a vacuum (10 mm mercury column) at 5000 
for 3 hours» 

GRAPHIC NOT 
REPRODUCIBLE 

**■•# It   "   Ml        * C*. 

Fig 4. Particles of separated powder (a) and non« 
separated (b.c.d.e.f^.h.l^.k). 
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The process of rolling is in its physical nature 
considered close to pressing, therefore for an indirect 
appraisal of reliability of powder and its compacting we 
studied the dependency of density of pressing of samples 
on the specific pressure of pressing. 

7    fc.-    ." 

n '' •      f^V           * 

rf% /w.'/^ 

L •>> 
Fig 5. Particles of powder of various disper- 
siveness, X40. 
a - nonseparated powder, b - fraction 41.0f 
c - fraction f0.2, d - fraction — 0.05# 

Pressing from powder of brand APS (annealed and un- 
axnealed) of cylindrical samples of diameter 16 mm was per- 
formed in a press-form at specific pressure 2,4,6,8 T/cnfi, 
then we measured the density and hardness of samples (Pig 
6,7). 

It was established that with a decrease of dimension 
of particles of powder the density is Increased; with in- 
crease of pressure the density and hardness are increased, 
vacuum annealing of powder in this case does not affect 
density and hardness of pressed samples. These results 
made it possible to draw a preliminary conclusion concerning 
fitness of such powder for rolling of tape. Rolling of tape 
from powder was done on three rolling mills having the fol- 
lowing characteristics (Table 1). 
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jfrßafotHue.t T/CM' 

Pig 6,  Influence of pressure on density of un- 
annealed (l) and annealed (2) powder. 

a - Density in g/cm3; t - Pressure In T/cm2. 

Jladwue t T/ci* 

Fig 7.  Influence of pressure on hardness of un- 
annealed (l) and annealed (2) powder. 

a - Pressure in T/cm2, 

Table  I 

ÖU 

2 

3 

^ 

70 

ISO 

300 

ÖO'IKM 

_C-_ _ 

90 
150-330 

it 

2-30 
1: 8 

22 

MoiUHOCTb 

 C. __ 

2 

10 

35 

n 

HanpnBwieinic 
npoKaikit 

j^BepTHKa^biioc 

^^TopMSOHTa.lbHOC 

a - No, of mill; b - Dlarn--t^ of di^ks mm; c - length of 
bsrrel miü: 1 - Number rov/W.; e « Fewer in kilowatt; 
f - DirectJcn of rolling; g - Vertical; h - Horizontal. 
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ROLLING FROM SAP OF TAPE SIOOK 

After preliminary experimental rolling of aluminum 
powder on mill No 1 the basic experiments were conducted 
on mill No 2« On rollers without flanges we managed to 
roll Into tape only the Initial powder and powders of frac- 
tion from 1 to 0.63 mm, from 0.63 to 0.4 mm. In rolling of 
powder of the remaining fractions there occurred strong 
spilling. However, on the obtained tapes there was a large 
quantity of transverse cracks (through and along edges of 
tapes). 

In connection with this, further rolling of powders 
was conducted on rollers with flanges, where we managed 
to obtain tape from all forms of powder. Theoretical 
analysis of the Influence of flanges on rolling of powder 
Into tape Is given In the works of S.I, Aksenov and A.M. 
Nlkolaev (G.I. Aksenov, Rolling of Metallic Powders Into 
Tape, Oollectlon, "Powder Metallurgy". Metallurgy Publish- 
ing House, 1954. A.N. Nlkolaev, Rolling of Metallic Pow- 
ders.  Izvestia of Higher School, Ferrous Metallurgy, 1958, 
No 2). Near the movable flanges the angle of capture be- 
comes larger than In the middle of rollers. Entering of 
powder into the region of deformation also Is facilitated 
thanks to the presence of the moving metallic surfaces 
(flanges). In connection with this the edge of the tape 
becomes more dense. 

During rolling of tapes with dense edges significant 
difficulties appear in extraction of tapes from flanges. 
During cold rolling of such tapes (from powder of various 
fractions) the tape was wedged in the flanges ~ it wound 
Itself around the roller. 

Rolling of powder heated to 300-3500 significantly 
strengthens the tapes obtained. Heating of powder higher 
than 3500 leads to sintering of Its particles, therefore 
tapes are obtained with sharply expressed nonuniform den- 
sity and cracks. 

On tapes rolled from nonseparated unheated powder 
(in state of delivery), there were conspicuous longitudinal 
and transverse cracks, since the powder consists of par- 
ticles of various dimension. 

While the average bulk weight of nonseparated pow- 
der is equal to 1.39 g/cm3f the bulk weight of components 
of its fractions changes from 1.19 (big fractions) to 
0.77 g/cm3 amall fractions). Therefore we subsequently 
used only powder separated fractions.  On tapes prepared 
from powder of big fractions (remainder on sieves 4 1; 
^ 0.63;f0.4) there appeared cracks — longitudinal and 
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transverse, fro« ponder of the reaalnlng fraotioM ne ob- 
tained tape without cracks with uniform density and satis* 
factory strength* Wa obtained tapes of different density «- 
from 2.0 to 2.4 g/cm^. Attempts to roll tape of hip den- 
sity ended in failure. On these tapes there mere ffrmmmd 
longitudinal and transverse cracks. To «void the appearance 
of surface cracks on tapes rolled from ponder of tfce large 
fractions, one should decrease the thickness of tapes, da- 
creasing by the baffle the angle of capture of «he powder. 

We conducted experiments on rolling of nonaamarated 
and separated powders with various positions of baffle into 
tapes of thickness 1.2, 1.5, 1.7, 2.0, 2.4, 2.8 m aal 
width ISO and 300 mm. Tapes of satisfactory quality «ere 
obtained from powders of following fractions: «• 0*4,+ 0*314, 

+ 0.2,+0.16. The external appearance of good tapes is shown 
on Fig 8. 

On the basis of data obtained during rolling of pow- 
der of lots 14 — H, 14*0 and pulverizate we plotted the 
dependency of thickness of tape on bulk weight of powder 
(Fig 9)« Since the density of rolled tapes varied we took a 
thickness, reduced to the same density «pr 2.4 g/cm3# 

Fig 8. Haw tape stock rolled fro« 

41 
mm 

i™1" ^mm 
f"-1 

"■ ̂ " r^*" A 

V* 
4 7 
/ 

^J 

^ 
T 

Le 
TT • mm***-**] s r 

4 "t •3 9i 9i 
IM 'J if» P »c 

Fig 9. Influence of bulk weight of powder on thick- 
ness of tape, a - Thickness in mm; b - Bulk weight in g/cwP; 
c - powder; d - pulverizate. 
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HOI RQLLIIG Of B1W TAPES 

Preliminarily conducted experiments of test rolling 
of raw tapes both In the cold, and In the hot state, and 
also In the odd state with preliminary annealing showed 
the expediency of application (In our conditions of work) 
of hot rolling. The number of passes per hot rolling and 
magnitude of reduction per pass were different« 

Hot rolling of raw tapes of thickness 1«2, 1.5$ l«7t 
2»09 2.4 mm to thicknesses of l,0-0,50 am and less was con- 
ducted for the purpose of determination of strength charac- 
teristics of compacted tapes prepared In this way. We rolled 
raw tapes on a two-roll rolling mill with diameter of rollers 
300 mm and length of barrel 350 mm with rotation of rollers 
with a speed of 22 rpm. 

For hot rolling of raw tapes of above-mentioned thick- 
nesses we out the stock — sheet of length from 200 to 500 
mm, width 150 and 300 mm9 thickness !• 5-1.7 mm. Such stock 
with cutoff lateral edges (on the average 10-15 mm to the 
side) were heated In an electric resistance furnace In air 
atomosphere and rolled to small dimensions. Lubricant of 
rollers was not used« 

On the working surface of the rollers there remained 
particles of powder that led to the formation on the rolled 
tapes of defects In the form of dents, through holes or 
tears. 

nonetheless the experiments conducted on hot rolling 
of raw tape stock obtained directly from aluminum powder 
showed the possibility of forming of comparatively compact 
sheet material, 

COLS ROLLINS 

Prom part of the tapes, rolled in the hot state, we 
cut samples for determination of mechanical properties, 
density and porosity. The remaining part of the tapes was 
rolled to thicknesses of 0.15, 0.11, 0.06 mm. Oold rolling 
was done on a four-high mill, surface of mill was lubricated 
by machine oil. 

Some of the tapes (foil) rolled in the cold state 
without defects (with satisfactory surface and edges) are 
shown on Pig 10. 

Following is a typical scheme of the experimental 
technology of manufacture (in laboratory conditions) of 
tapes (foil) from aluminum powder: 

I, Heating of powder 300-3200 for 30 min in electric 
resistance furnace (in air atmosphere)• 
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Pig 10. Samples of tape« rolling. 

II. Hot rolling from aluminum powder heated to 300- 
320C of tape-stock of thlokness 2 mm on rolling mill with 
horizontal location of rollers of diameter 180 mm with 
length of barrel 390 mm with speed of rotation of rollers 
3 rpm. 

III. Cutting of edges of tape-stock by 10 mm to the 
side« 

IV. Heating of tape-stock at 480-5000 for 40 min In 
electric resistance furnace (air atmosphere)* 

V. Hot rolling of heated tape-stock from thickness 
2 mm to thickness 0.5 mm with relative reduction per pass 
equal to 10-12){. After every three passes heating to 480« 
500C. 

VI. Cutting of edges of tapes• 
VII. Cold rolling of tapes from thickness 0.5 mm to 

thickness 0.05 mm with relative reduction 10-16^ per pass. 
VIII. Cutting of edges of foil. 

Per introduction into production of the method of 
manufacture of tape and foil by rolling of aluminum powder, 
it is necessary to apply the more economic (as compared to 
sheet) ribbon method of coll rolling. 

Per the transition to coil rolling, in connection 
with the difficulty of coiling of tape-stock of thickness 
near 2 mm, we should roll from aluminum powder tape-stock 
of thickness 1 mm. This will facilitate the process of 
coiling and will reduce the number of operations (elimin- 
ates the necessity of heating and hot rolling of tapes from 
thickness of 2 mm to thickness of 1 mm). 

Besides we should consider that with coil rolling 
in factory conditions, the number of operations (heatings 
and passes) will be less than during the sheet method of 
rolling in laboratory conditions. 
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In order to clarify the Influence of preliminary 
heating of the powder on properties, we rolled several 
tapes, and the stock obtained fron them was rolled in hot 
and cold state into foil« In properties of tapes prepared 
from heated and cold powder there is not observed any great 
difference« 

Heating of the powder in an atmosphere of nitrogen, 
apparently worsens the properties of the tapes. For these 
tapes, obtained both in hot, and in cold state, large 
fragility is characteristic« 

Mechanical properties of tapes prepared from powder 
heated in an atmosphere of nitrogen are significantly worse 
than tapes obtained from powders preliminarily heated in 
an air atmosphere and rolled in the cold state. Strength 
of tapes obtained by hot rolling of aluminum powder is 
higher than tapes rolled from unheated powder and this is 
important during transportation. 

MEOHiNICAL PROPERTIES OF TAPES 

Ultimate strengths of tapes of thickness 0.5-0.1 mm 
(on the average) are equal to 3^-40 kg/inm2# Ultimate 
strength of rolled foil of thickness 0.06 mm at 200 consti- 
tuted 36-42 kg/mm2, and at 4800 was 7-9 kg/mm2# 

INFLUENCE OF DEGREE OF DEFORMATION ON MECHAN- 
ICAL PROPERTIES OF SHEET MATERIAL OB- 
TAINED BY ROLLING UNHEATED POWDER 

To establish the influence of initial size of part- 
icles on properties for the same degrees of reduction we 
investigated tapes obtained by rolling of powder of lot 
14-H of fractions+ 0.16 and+ 0.315. 

Tapes of thickness 1 mm were annealed at 480-5000 
for 30 min, after which they had a density of 2.7 g/cm?. 
Frcmthickness 1 mm the tapes were rolled in the cold state 
to thicknesses 0.9f 0.8, 0.7* 0.6, 0.5, 0.4 mm, i.e. de- 
gress of deformation were 109 209 30, 40, 50» 60%.    Samples 
of tapes rolled with various degree of deformation were 
tested in tension. Results of tests are presented on Fig 11. 

From Fig 11 and Table 2 it is clear that the density 
of cold-rolled tapes obtained with degree of reduction of 
10, 209 30, 40, 50% in this case is not changed; hardness 
and ultimate strength are increased with increase of per- 
cent of reduction; with decrease of dispersiveness of 
initial powder the ultimate strength is increased« 
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Table 2 

si   Ctcnciib ÄC<|»opMaii»'H 
^                  % 

10 20   | 30 40 50 60 

♦paKiuiJiA' 
BJIOTHOCTb (t. 2.71 2.71 2.70 2.70 2.71 2.tf 

TBCpjOCTb   oL 127 133 US 135 134 125 

To"^ 
DJIOTilOCTb C 2.7 2.7 2.7 

134.5 

2.70 2.71 2.66 

IBCpAOCTb c^ 126 134.5 136 137.5 129 

a - Degree of deformation & b - Fraction; c - density; 
d - hardness« 

The decrease of ultimate strength, hardness and 
density during deformation of tapes by 60% occurs, apparent- 
ly, from the surface micro-cracks. 

INFLUENCE OF ANNEALING ON MECHANICAL PROPERTIES 

Samples of tape rolled in the cold state with a de- 
gree of deformation of 30% were annealed at temperatures 
of 300, 400, 500, 600C for 3 hours in a vacuum of 10 mm 
mercury column. Results of determination of ultimate strength 
and hardness of annealed samples are shown in Fig 12,13« 

Strength of tape noticeably decreases at a temperature 
of annealing higher than 500C (at 500%= 36.5 kg/mm2, at 
600 CS -  33«5 kg/mm2) which, apparently, is connected with 
recrystallization; this is confirmed by Fig 14. 

50 
'0 
30 
20 
10 

ti*//*** 

fO      20       SO      40       SO 
d, Cmtnfm dtwmuuu 6 % 

60 

Fig 11, Influence of degree of deformation and di- 
mension of particles of powder on ultimate strength of tape« 

a - Degree of deformation in %. 
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Fig 12* Influence of temperature of annealing 

on ultimate strength of tape« 
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Pig 13. Influence of temperature of annealing 
on hardness of tape« 

GRAPHIC NOT 
REPRODUCIBLE 

Mfr:.i ~*& 

Fig 14. X-ray photograph of tape annealed at 
5000. 

Conclusions 

1. This work experimetally proves the possibility 
of manufacture of sheet material of tapes-foil from SAP 
by the method of rolling of powder. 

2. In the given conditions of rolling for obtaining 
of high-quality sheet material it is necessary to use de- 
finite fractions of separated powder of brand APS — 0.4; , 
f 0.315; — 0.315;^ 0.2; — 0.2;+ 0.16, This is more 
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efficient as compared to rolling of unseparated powder« 
3* Rolling can be conducted both in cold uft hot 

states (at 300-3200). Tapes rolled from heated poifder hare 
higher strength than from nonheated, therefore it is ex- 
pedient to conduct rolling of powder in the heated state« 

4. We developed the fundamental scheme of the tech- 
nology of manufacture from SAP sheet material of tapes and 
foil by the method of rolling«. 

5* We prepared development samples of sheet material 
of thickness from 1 to 0.05 MU 

6. We determined the influence of degree of deforma- 
tion on ultimate strength, and also density and hardnees; 
at a degree of deformation higher than 50? we obeerred lower- 
ing of these properties« 

7a Ultimate strength of sheet material after hot and 
cold rolling at 20C coartttuted 42 kg/mm2 and at 4800 was 
7-9 kg/«2« 
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AHISOTROFT 01 PHOPBRTIBS OP SAP OURITO HOT HOLLIIO 
(F 130 of source) 

T,A« Shrlamoy, F.Y« Zhurmvlw 

(Ails work «M conducted In the Dept. of Pressure 
Working of Metals if Moscow Aviation Technologjr 
Institute. Sden^Ulc leader was Honored Worker 
of Science «nd lechnologjr Professor Doctor of Tech. 
Sciences I.L. Perlln). 

This work was conducted for the purpose of study of 
Influence of annealing of stock and direction of rolling on 
uniformity of distribution of nechanioal properties In hot- 
rolled SAP. We Investigated the technological process of 
obtaining of sheets tram pressed stock of SAP of section 
12 x 5 100 m with content of 7.5~Q.0% AI2O3* Boiling 

(A.I. XtarzoY, S.I. Nonofllov, T.A. ShelamoT, Ooll. nBXA~ 
tenn Material fron S 
)orongls9 1961. B.L. Matreer, S.I, Homofllov, 7.1. 

Al 

Oboronglz, 1962)) was conducted to 
dimension of 3 x 100 mm on a duo mill with rollers of 
diameter 350 mm and length of barrel 500 mm. Speed of rol- 
ling constituted 0.3 m/sec, temperature 450-4700, total de- 
gree of deformation 75%,  reduction per passage was 12-25%« 

Billets were rolled lengthwise and across axis of 
pressing. Part of billets before rolling were annealed at 
45OO for 48 hours. 

Isrestlgation of properties was conducted at room 
temperature according to method of Roytman—Prldman on 
micro-samples of diameter 1.2 mm with gage length 5.8 mm. 

Samples were cut from the rolled sheets after erery 
pass. Magram of cutting is shown in Pig 1. At every point 
we tested four samples. 

As a result of the work conducted we obtained a 
series of indicator stress-strain diagrams p — >il). The 
character of curves obtained does not depend on degree of 
deformation during rolling or direction of rolling. On 
the curres^ areas of plasticity almost completely absent. 
On Pig 2 are shown characteristic indicator diagrams p —/ilf 
obtained during tension of samples out from stock and sheet 
during the technological process. 
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During the Analysis of nsohftnloal propsrtlss of hot- 
rolled 8A» It Is revealed that the anlstrowr of 
In longitudinal and transverse dlreotloas is Identical 
the periphery and the oenter of the sheet and does not 
depend on Initial direction of rolling. 

Hg 1. Diagram of cutting of saaples fro« 
hot-rolled sheets« 

a - Direction of rolling 

With Increase of total reduction the ultimate strength 
changes Inslgnincantly. On Pig 3 are shown curves of de« 
pendency on degree of deformation during rolling of ultimate 
strength of transverse and longitudinal samples of sheets 
without preliminary annealing of the pressed billet (Pig 3,a) 
and with preliminary annealing (Pig 3fb)# 

Ultimate strength drops with Increase of degree of 
deformation to 45-50& and the| with further Increase, In« 
creases. This may be explained by the thermal effect during 
deformation of SAP. During deformation to 90$ the Influence 
of the thermal effect Is most noticeable, with further In- 
crease of degree of deformation It ceases to show up« 

Ultimate strength of transverse samples Is 10 »12% 
higher than longitudinal. Per the majority of metals and 
alloys9 conversely the properties of longitudinal samples 
are higher than transverse. SAP. In distinction from the 
usual deformable aluminum alloys Is characterised by the 
l*ct that during deformatlon^along with the strengthenlngy 
there occurs splitting of the particles of aluminum cside» 
present In large quantities in the mlcrovolume of aluminum, 
and subsequent formation of texture« 

Splitting of particles, occurring chiefly along the 
rolling direction, decreases the effect of hardening in this 
direction, therefore properties of transverse samples are 
higher than longitudinal« 

149 



9* 

/ 
#r r 
iff / 

/ W 
m / . m 

/ 9 

j «r 
«A / Jv v 

1 
«V 

0 / mf 
r / 9 

J* 

1 
W 

. VA 

S 

n 

i F — 

JET 

/y 
m 
c 

5 

'9 J9 »Urn     (0 JO »Um     a 30 9Um   IMOT^W    « » S9Um 

f t *» i j 
Pig 2. Characteristic Indicator diagrams p —^1, 

obtained during tension of samples, 
a - pressed billet, b - rolling lengthwise with degree 
of deformation per pass 25%f  after SOjf total deformation, 
c - the same, after 15%  total deformation, d - rolling 
lengthwise with degree of deformation per pass 1556, after 
50% total deformation, e - the same, after 75%  total 
defonaation, f - the same, rolling across, g - rolling 
lengthwise with degree of deformation per pass 12%, 
after 25%  total deformation, h - the same, rolling 
across, 1 - the same, rolling lengthwise after 7556 
total defomation, j - the same, rolling across* 

Furthermore there is a noticeable influence of 
annealing on the valued. For unannealed material (Fig 3,a) 
properties follow a broken line, in second case (Pig 3fb) 
diffusion processes occurring as a result of annealing 
somewhat stabilize the properties and they follow a smooth 
curve. 

Yield point tfS.vi is changed depending upon degree of 
defonatlon during hot rolling Just as $£• Besides there 
is a marked equalizing action of annealing on the change 
of ö&.z with increase of total deformation (Pig 4,a). 
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ff   20 25 30 35 *0   45 50 JS 60   65  70 75. 
cCaweHb iepopHttuau 5 % 

Pig 3. Change of 0s  depending upon degree of def- 
ormation during rolling of pressed stock without annealing 
(a) and after annealing (b)# 

a - Transverse; b - longitudinal; c - Degree of def- 
ormation in %. 

Elongation (Pig 4,1)) and narrowing (Pig 4,c) for 
transverse samples on the average is higher than for long- 
itudinal (for annealed and unannealed stock). 

In the remaining cases the values of 6 and y^with 
a change of degree of deformation give significant scat- 
tering and it is difficult to note any regularity. 

Analysis of the microstructure of the material dur« 
ing the progress of rolling showed that the structure be- 
comes stable with increase of total reduction.  Besides 
there is a noticeable tendency to regrouping of phase par- 
ticles along with the formation of texture. 
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Flff 4. Change of yield point ^2. (a) relative elon- 
gation 6  lb) and narrowing ^(c) depending upon degree of 
total deformation. 

■ ■ ■ .   1  without annealing; 
mmmmmm%m.~m~m   after annealing, 

a - Transverse; b - Longitudinal; c - Degree of deformation 
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i 

Ooncluslond 
i 

1. Ultimate strength and yield, elongation and nar- 
rowing of transverse samples of hot-rolled SAP are higher 
than for longitudinal. This Is explained by the peculiarity 
of the hardening processes occurring In SAP during rolling» 

2. Direction of rolling does not affect change of 
properties of material with Increase of degree of deformation. 
~her3 Is noted only an Insignificant decrease of (&  with a 
degree of deformation of 40-50^ with subsequent Increase to 
the Initial value• 

3. For preliminarily annealed material, with Sä 
increase of total deformation the properties were changed 
more evenly than for unannealed. 

4. On indicator diagrams obtained during tensile 
tests of micro-samples of SAP yield areas are almost com- 
pletely absent« 

5. Structure of material is unifoim and is stable, 
but there is observed a tendency to formation of texture 
with increase of total reduction* 
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fUSIOH WELDING OF SAP (p 135 of source) 

S*]), Nlklforov, S.Bi, Zhlznyakov« 
B.Ta. Bazurlna, B.l.  Matveev 

At present industries need heat-resistant materials 
possessing low specific gravity. One of such materials Is 
SAP. The essential deficiency delaying wide application of 
SAP is the difficulty of its welding. From foreign data 
fusion of welding SAP is considered, in general, impossible. 

bRArMC NOT 
REPRODUCBLE 

Pig 1. Appearance of seam obtained during auto- 
matic argon arc welding SAP-1 using layer of flux. 

Experiments performed by us on argon arc welding of 
sheets of SAP-l with flux and without flux allowed us to 
make the conclusion that fusion welding of SAP-1 by the 
usual process is Impossible due to poor stability of the 
direct action arc and difficulty of formation of the weld- 
ing pool in connection with ejection of the liquid base and 
filler metals in the form of porous drops and accumulations 
on the edges of the welded plates. Introduction of flux in 
the bath does not Improve the process of welding. On Fig 1 
is shown the appearance of a section of a seam obtained 
during argon arc welding of SAP-1 with addition of flux« 

In a number of cases it was revealed that on separate 
small sections there are formed welded Joints as a result 
of partial dissolution of SAP in the bath of liquid filler 
metal# In connection with this we decided to search for 
a method of artificial creation of a liquid bath of sig- 
nificant volume and as a result of contact of the bath with 
the edges ofthcielded material to achieve its dissolution and 
to thus obtain a welded Joint. With this goal we tested the 
following process methods: 

welding by Independent arc along a layer of flux with 
application of filler wire; 

arc welding along a layer of flux on an aluminum 
substrate using a non-consumable tungsten electrode with 
argon protection. During application of these process 
variants we obtained the Joinings shown on Fig 2 and % 
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Fig 2.    Macrostructure of Joining obtained during 
automatic welding of SAP-1 along layer of flux by Indepen- 
dent arc In atmosphere of argon, 13. 

The presence of a very large quantity of pores, 
frequent unsatisfactory fusion of base material with filler, 
and also the complexity of the proposed process forced us 
to terminate further work In this direction. 

AB  a result of the study of causes of unsatisfactory 
behavior of SAP-l during arc welding we found ways of avoid- 
ing them and propose a technology of obtaining of heat- 
resistant SIP, possessing the ability to be fusion welded« 

GRAPHIC NOT 
REPRODUCIBLE 
Pig 3* Hacrostructure of joining obtained during 

automatic argon arc welding of SAP-i along layer of flux 
with use of aluminum substrate, 18. 

Sheets of such SAP possess the following properties: 
1) are not distended during heating to 900C with 

holding for 30 minutes (as Is known, sheets of nonweldlng 
SAP are distended during brief heating higher than 5200); 

2) have heightened plasticity and high strength 
at room and heightened temperatures; with a content of 
6.9% AI2O3 the ultimate strength at room temperature con- 
stltues 30-36 kg/ma2, at 5000 It Is 5-7 kg/mm2• with a con- 
tent of 10,6J< AI2O5 the ultimate strength at room tempera- 
ture Is equal to 3o-40 kg/mm2. 

This material can be welded by arc welding with ap- 
plication of fluxes and In a medium of argon. The latter 
method Is more desirable In production, Inasmuch as In this 
case we eliminate the necessity of subsequent washing of 
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welded Joints for removal of remainders of flux« 
Investigations conducted showed that for full melting 

of sheets of weldable SAP during butt welding It Is neces- 
sary to apply a welding current of greater Intensity than 
for sheets of the same thickness from aluminum and Its al- 
loys. For Instance, during welding of sheets of SAP of 
thickness 1#5 mm full melting occurs only with a welding 
current of 280-300 a« 

Subsequently It turned out that during use of cur- 
rents of very great Intensity the strength of welded Joints, 
due to stratification of basic material near seam, does» not 
exceed 18-24 kg/mm2, where failure of samples during test 
occurs, as a rule. In the basic material at a distance of 
several millimeters from the seam. Lowering of welding 
current from 280-300 a to 150-200 a during welding of sheets 
of thickness 1.5 mm essentially Improves the quality of join- 
ing, however during assembly it is necessary to leave a gap 
of 1-1.5 mm between edges of sheets for full melting of 
Joint. 

bNMiRu Nui 

REPRODUCIBIi 
Fig 4. Appearance of seam obtained during automatic 

argon arc welding of weldable SAP. 

a - facing side of seam, b - reverse of seam. 

A large influence on quality of welded Joints is 
shown by the speed of supply of the filler wire, since with 
insufficient speed there are observed burns, and sometimes 
cracks along the center of seam. 

Hational selection of composition of filler wire for 
welding of SAP is an important but unfortunately still un- 
solved problem« In our experiments as filler material we 
used wire of the alloy AMgo. 

The conditions of automatic argon arc welding by 
tungsten electrode of sheets of SAP of thickness land 1.5 mm 
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with filler wire of the alloy AMg6 are given in Table 1, 
and appearance of obtained seam on Fig 4, 

During investigation of the properties of welded 
joints obtained by this method we established the following: 

1. In the process of welding there occurs mutual 
dissolution of the basic and filler materials; 

2# In the zone of mutual crystallization a clear- 
eut line between basic and filler materials is absent 
which indicates fusion of the surface of the basic material 
with formation of a common bath (Pig 5f6); 

3* In the seam metal there are pieces of undissolved 
SAP forming zones with sharply distinguished etchability 
(Pig 7) and higher hardness; 

4. The basic material in zones near seam possesses 
heightened hardness which testifies to possible diffusion 
in it of magnesium and formation of a solid solution of 
magnesium in aluminum« 

Table 1 

Conditions of welding 

^s»^«« CKOpOCTb   i — 

^nll.T <:"" CKopoci.,     „';;';"■"'    ;   .1H.-.MCIP 1'arso.T 

i ,t it   u/ir ' 
MM f   " M'Hac      j .IUKH     ■      MM      ;  n ■lMUH 

I j    100  -110 10-10 Jo—i") 2 ' 7-s 
1 •', i:.o-i7o        io—jr. io--;.". i        i        s—0 

a - Thickness of veld sheets, mm; b - Current iiitensity 
a; c - Speed of welding, m/hour; d - Speed of supply 
of filler wire, m/hour; e - Diameter of wire, mm; 
f - Expenditure of argon liters/minute. 

GRAPHIC NOT 
REPRODUCIBLE 

Pig 5. Macrostructure of Joining obtained during 
automatic argon arc welding of weldable SAP, X5, 
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GRAPHIC NOT 
REPRODUCIBLE 

Pig 6. Zone of mutual crystallization of Joining 
obtained during automatic argon a.vc welding of weldable 
SAP, X200. 

mm Nui 
REPRODUCIBLE 

Pig 7. Microstructure of metal of seam In region 
of separated pieces of SAP, X70# 

Results of tensile tests of welded Joints are given 
In Table 2. 
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Table 2 

Tennepaty- 
pa HCHMta- 

MHfl 

I   HpeACJi 
npomiocTH XapaKTcp 

paapyuicHiisi 

1   & 
{                                        npMMCMailHC 

24,1-28.5 

Ho OKoao- 
OlOBHOfi 

30He 

CBapK-a nonepcK npoKatKH      Q^ 
26.2 

20.6-26.1 Csapk-a BAoab npoKatKii   ^ 
23.2 

25.5-28.0 BuAcpAK-a nocae CBapKH npii 400*6 B 
TCHCHHC 1 nnca       £ 

20 
26.8 

22.9-28.0 BujcpwcKa    nocae   CBapKH  npn 500AC 
B TCICHHC  I  naca £ 25.5      1 

31,2-35.3 HO OCHOÖ- 
Howy iiaic- 

pnaay 

Matepiiaa HsroroBacH no 6oace coBCp- 
33.3 Uietnioft Texiioaoniii   / 

22.3-26.4 

no OKoao- 
UIOBHOH  30- 

• 

24.4 
Csapk-a na yBeaiweHiioji TOKC^ 

500 5.7-6.4   j 
6.1        | 1 

a • Temperature of test 0; b - Ultimate strength kg/mm2; 
c - Character of fracture; d - Notej e - In heat-affected 
zone; f - In basic material; g - Welding across rolling; 
h - Welding along rolling; 1 - Soak after welding at  C 
for 1 hour; i  - Material is prepared by more advanced" 
technology; k - Welding with increased current. 

Judging by results obtained during welding of SAP we 
can obtain Joining with ultimate strength of 24-28 kg/mm2 

at room temperature and 5.506.5 kg/ma2 at 500C. The 
heightened thermal resistance of metal of seam obtained with 
use of filler wire of the alloy lMg6 may be explained by the 
action of Inclusions of oxides of aluminum, which migrate 
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into the seam from the basic material« 
Some lowering of strength of welded Joints at room 

temperature as compared to basic material can be explained 
by the slight overheating of basic material in the heat« 
affected zone in the process of welding. Difference ir 
properties of welded joints made lengthwise and across di- 
rection of rolling corresponds to the scattering of the 
values of properties of the usual nonweldable material. 

Conclusions 

1« SAP prepared by the usual technology is not use- 
ful for welding by fusion. As a result of our investigation 
we developed a technology of obtaining SAP possessing the 
ability to be fusion welded« 

2. Such material can be welded by either argon arc 
welding (melted and unmelted electrodes) or by the methods 
of arc welding with use of fluxes* 

3* Ultimate strength of welded Joints obtained with 
application as filler material of wire from the alloy A||g6 
constitutes 24-28 kg/mm2 at room temperature and 5-6 kg/mn2 

at 5000« These properties can be improved by improvement 
of the technology of manufacture of the material and the 
process of welding. For instance, during welding of material 
obtained by a more advanced technology the strength of welded 
Joints at room temperature constitues 30-35 kg/mm2« 

4» Prolonged soak of welded Joints at 400 and 5000 
does not change the ultimate strength at room temperature« 

5. SAP is easily welded with other aluminum alloys, 
for instance with the alloy AHg6, which expands the pos- 
sibility of application for manufacture of different struc- 
tures« 
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BUTT RESISTANOB WELDING OF WIRE PROM SIP 
(p 141 of source) 

V#K. Ivanov, P#Y, Klshnev, E.Ia. Bazurlna 

During selection of equipment for butt welding It Is 
necessary to consider the properties of aluminum or alum- 
inum alloys« The high heat-conductivity and low electrical 
resistance of aluminum require application for butt welding 
of welding machines of great power« The narrow temperature 
interval of transition from solid state to liquid leads to 
necessity of automated feed during fusion and upsetting and 
a high regulated pressure, sufficient for displacing from 
the joint of oxidized metal« 

A necessary condition of obtaining a high-quality 
welded joint is simultaneity of turning off of current and 
initiation of upsetting. According to A.S. Gtelman (A.S« 
Gelman, Electric Resistance Welding« Mashglz, 1949) even 
with a slight lead of turning off of current before upset- 
ting the metal in the joint Intensely oxidizes, which leads 
to lowering of quality of the joint. In the American 
literature (W.P. Haessly, Welding Journal. 195*, »o 12) 
there is also confirmed the necessity of timely turning off 
of current during welding of nonferrous metals. Investi- 
gations of butt welding of aluminum and its alloys conducted 
by VNIIESO showed that initiation of upsetting should be 
simultaneous or lead the turning off of current by 2-3 
cycles* 

A still more complicated problem is the welding of 
SAP, consisting of particles of pure aluminum with melting 
temperature of 6570 and the refractory oxide of aluminum 
having temperature of fusion of 20500, / 

Oheck cxt  possibility of butt welding of wire from / 
SAP on the machines ASIP-5 and MSR-25, having spring drive upset-  / 
ting and mechanical turning off of current, did not give 
positive results. The welded joint, containing a large f 
Quantity oxide, was fragile and was easily broken by hand j 
fforce approximately 15-25 kg), \ 

A high quality welded joint may be obtained only by 
simultaneous melting of both components of SAP with preser- 
vation in the joint of the structure of the basic material 
or close to it. 

Welded joints of satisfactory quality were obtained / 
during welding of wire from SAP on a machine of the type 
MSKN-150 (Pig 1) developed by YHIIESO. / 

■ / / 

.■■ 

/ 
- *     / 
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a 

Pig 1. Machine for butt welding of nonferrous 
metals of type MSKN-150. 

Short Technical Characteristic of Machine MSKN-ISO 

Line voltage 
Electrical power during :hort circuit 

On time^PV 
Maximum upsetting force {with pressure 

In line 5 3cg/cm2) 
Maximum speed of fusion 
Maximum speed of upsetting 
Maximum travel of plate 
Number of stages 
Limits of adjustment of secondary no- 

load voltage 
Welding current during short circuit 
Power factor of machine during short 

circuit 

380 volts 
?00 kllovolt 

ampere 
10% 

3000 leg 
50 mm/sec 

200 mm/sec 
40 mm 
16 

4-8.1 volts 
0.37 ohm 

0.54 
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The characteristic feature of this machine, dis- 
tinguishing It from earlier machines with hand feed or with 
mechanical drive of shift of plate, Is tin pneumatic drive 
with hydraulic brake. Use of the hydraulic brake allows 
In wide limits to regulate and to exact]y hold the magni- 
tude and character of build-up of speed of fusion and to 
obtain Instantaneous and powerful upsetting.  The elec- 
trical circuit of the machine, thanks to the presence of 
an electronic timer relay, allows switching off of the 
current at any given moment. 

GRAPHIC NOT 
REPRODUCIBLE 

Pig 2.  Welded samples of SAP-1 

a - welded Joint, b - with removed burr, c - after 
stretch to appearance of permanent deformation. 

The investigation of weldability of SAP was conducted 
on wire of diameter 4,5 and 6 mm obtained from oowder PP-4 
{with 4jS AI2O3) and from powder APS-1 (with 6-10$ A^Oj). 
We welded the wire under condition given in Table 1, and 
under conditions shown in Table 2.  Comparative results of 
tests of strength of basic material and welded samples (Pig 
2) are given in Table 3# 

Table 1 

nil-4 AMC-l 
*      ycTanouo'inue aaimbie 

0 6 MM 0 ') MM 0 4 MM 

(r riepiifriHoe HanpflMceime B B 
C CyMMapnaH ycraiiOBOMHafl jjjiMiia a MM 
d. üaejieiiHe ocaüKH no ManoMcrpy a am 
t Cxyneiib ipaHC^opMaiopa 
-P  FlojiOiKeHHe  ABHMCKOB Ha  niKaJie  (Äcneime 

uiKaJiu): 
^ApoccejiH 

COCaAKM 

380 
12-13 

3 
1 

22 
0 

13 

225 
12-13 

3 
5 

20 
0 

13 

225 
12-13 

3,5 
5 

10 
3 

13 

a - Initial data; b - Primary voltage; c - Total lnitla.1 
length in mm; d - Upsetting by manometer in atm; e - Stage 
of transformer; f - Position of cursors on scale (scale 
division); g - coil; h - lever; 1 - upset. 

163 



Table 2 

A* napaxeTpu peacHMa 
nn.4 AlKM 

06 MM 05 MM 254 MM 

^CKopocTk onaaueHHii B MMfeeic 9-10 9-10 12 
CClCOpOCTb    OCaAKH B MM/CfK 

dyCHMHt OCaAKH B KP 
200 

2000 
200 
1800 

200 
1800 

CBTOpHqHoc     HanpHACHHc     xoaocToro 
xojja B a 

4 3 3 

•f Tone KopoTKoro aaMUKaiiMii B a 24 13 13 

a - Parameters of conditions; b - Speed of fusion In 
mm/sec; c - Upsetting speed In mm/sec; d - Upsetting 
force In kg; e - No-load secondary voltage; f - Short 
circuit current In amps. 

Table 3 

Results of Tensile Test of Wire 

Mapica nyApu AAR npoBOxoKH 

6 

H r 
2° g «: a 

• 
ar 
o 

«». ^ 

o-oC -: x is 

• • i 
V Ci 4> 
O O H 

V v        * 
s *                 ^/ 
V U U K O    A* 
a 0 o = t • 5 x = = o « 
2 a* a,** = «: 
£ o « = 5 2 

MecTo   e^ 
paapyuiciiHR 

nn-4. OCHOBHOR MaTepHaJi  4^ 

nn-4, ceapiioR o6pa3CH     9^ 

nn-4, OCHOBHOR MarepiiaJi -p- 

nn-4, cBapHofl oöpaaeu   o^ 

CAn4, OCHOBHOR uiitpuanf 

CAn-1, CBapnofi oöpaaen j/ 

6 
6 

5 
S 

4 
4 

21.6 
19.7 

22.0 
20.3 

25.6 
25.6 

91 

92 

100 

Ho ceapnoMy CTW- 
«y ^ 

Ho CBapHOMy CTW- 

Ho ocHOBHOMy ua- 
tepHaay i 

Key: a - Brand of powder for ^d.re; b - Diameter of wire 
mm; c - Ultimate strength kg/mm2; d - Ratio of strength 
of welded Joint and basic material /S; e - Place of fail- 
ure; f - basic material; g - welded sample; h - In welded 
Joint; 1 - In basic material. 
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The Joint of welded wire of diameter 5 mm sustains 
a bend of 180° and twisting on posts of diameter 10 mm as 
shown on Pig 3. 

Bending tests of welded Joints with rebendlng per 
All Union Standard—1688 and In Impact bend using a pen- 
dular hammer type MK-5 showed that the welded Joint Is 
more fragile than the basic material. This Is explained 
by the change of structure of material In the Joint in the 
process of welding, as confirmed by metallographlc inves- 
tigations. 

The microstructure of a longitudinal sample of wire 
of diameter 4 mm from powder APS«! has rectilinear direc- 
tivity (Pig 4). In the microstructure of the welded Joint 
(Pig 5) there are boundaries of the two welded wires«  The 
Joint has a structure orienced perpendicularly to the long- 
itudinal axis of wire which transitions smoothly to the 
structure of the basic material. 

GRAPHIC NOT 
REPRODUCIBLE 

Pig 3. Joint of welded wire of diameter B mm. 

The macrostrueture of a welded Joint of wire of di- 
ameter 4 mm is shown on Pig 6. With insufficiently 
thoroughly selected conditions of welding, on the macro- 
graph (Pig 7) there is revealed a line of separation of the 
wires. During microanalysis of this slide (Pig 8) there is 
revealed a line of dark inclusions. 

During determination of microhardness of wire of 
diameter 6 mm from powder PP-4 it turned out that the hard- 
ness in the center of the welded Joint is somewhat less than 
the hardness of the basic material. 

As is known, wire (rods of length 4-5 am, section 6-8 
mm) is obtained from SAP by hot extrusion of billets. The 
possibility of obtaining wire of smaller sections depends on 
the quality of welded Joints, able to sustain the plastic 
flow of the process of drawing. 
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GRAPHIC NOT 
ROOUdBLE 

•-^ :v^^-^ "-.<^--*'- •."■4 
.. -: ^el^'a^^s,^ 'ill •.,-. .'->^;!2 

Wg ^r^^Üterp-structure of basic metal, X200. 

GRAPHIC NOT 
REPRODUCIBLE 

üg 5. Micro structure of welded metal In 
area of joint, X200, 

We tried drawing of wire consisting of six sections 
of length 200 mm, united bj fusion welding on a machine 
MSKH-150. Speed of drawing constituted 2.7  m/minute.  Re« 
suits are given in Table 4. 

GRAPHIC NOT 
REPRODUCIBU 

Tig 6. Macrestructure of welded sample of 
diameter 4 mm. 
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GRAPHIC NOT 
REH 

Fig 7, Macrestructure of welded sample (line 
of demarcation of wires Is seen), X8 

Pig 8. Mlcrostruoture of welded Joint (line 
of dark Inclusions Is conspicuous, X200, 

Tr.Me 4 

ibtaMCTp npoBo.io- 
KH ÄO,npöTJ?>Kkli 

TTociciioBaTcikiiocTb n CTC- 
nciib o6>KaTH« {Z ^mbcpa) 

MM Ar- 
MCCTO paspytiicmtn 

6 
5 

5,8; 5,6; 5.17 
4.5;4.33; 4.0 

^uHe paapyiun.iacb 

CPaapMS no umy 

a - Diameter of wire before drawing mm; b - Sequence 
and degree of reduction (diameter of drawplatej; 
c - Place of failure; d - No failure; e - Failure 
in seam. 

From data of Table 4 It is clear that drawing to a 
smaller diameter of wire from SAP with welded Joints, Is 
possible. During drawing of wire having 6 welded Joints 
with degree of reduction of 30 and 40# (diameters of initial 
section constituted 6 and 5 correspondingly) there was one 
failure In a Joint and the drawing was done without pre- 
liminary determination of optimum speeds and sequence of 
drawing. 
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OonclusloM 

1« This study shoved that obtaining by the method 
of fusion of satisfactory welded joints of wire from SAP 
Is possible« 

2« During welding using optimum conditions the »true« 
ture of the welded joint Is uniform (In magnitude and loca- 
tions of particles of aluminum and oxide of aluminum)« 
Strength of welded joint Is close to or equal to strength 
of basic material of wire,, 

3« Welded joints of wire from SAP are able to sus- 
tain deformation during drawing« 

4. Per welding of wire from SAP of diameter from 4 
to 10 mm the most useftfi. machine Is the type MSKN with power 
of 100 kllOTOlt amperes, which Is one of a series of welding 
machines developed by YNIESO. An Industrial version of the 
machine should have arrangements for reliable holding and 
fast removal of welded wire of any length, a mechanism for 
exact centering of jointy and also an attachment for ad- 
justment of secondary voltage In the range from 2.5 to 8 
volts« 

5« Hasterlng of welding of wire from SAP will allow 
Industrial production and drawing of wire from the basic 
brands of SAP, 
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STHUCTURE AND PROPERTIES OP WELDED JOINTS OF WELMBLE SAP 
(p 148 of source) 

M#V. Poplavko, I.N. Gerasimenko 

One of the urgent and the most complicated problems 
Is fusion welding of SAP and guarantee of high quality 
welded Joints. In connection with this there appeared the 
the necessity of development of the technology of welding 
and determination of properties of the welded joints« 

GRAPHIC NOT 
REPRODUCIBLE 

Fig 1« Appearance of seam in hand argon arc welding 
with application of welding wire AK and flux AP-4a# 

GRAPHIC NOT 
REPRODUCIBLE 

Pig 2.    Appearance of seam in automatic argon arc 
welding with application of welding wire AMg-6. 

In the first stage of work the sheet material (SAP) 
was hand argon arc welded with application of filler of 
brand AK and automatic argon arc welded with unmelted elec- 
trode with filler wire AMg6. 

In both cases the process of welding progressed suf- 
ficiently stably with satisfactory penetration and good 
forming of seam (Fig 1 and 2). 

With use of welding wire of brand AK the seam usually 
has a uniform structure characteristic for the given ma- 
terial (Fig 3). 

With application of filler wire of brand AMg6f in 
the structure of the seam sometimes it is possible to ob- 
serve separate oxidized inclusions (Pig 4), For the pur- 
pose of Improvement of forming of seam and its properties 
we developed the filler wire B40 of the following compositlonJ 

169 



1,56% Mg; 1.645t Nl; 0.31^ Mn; 0,14% Sl;  0.10^ Tl; 0.1% 
Be,  remainder aluminum 

GRAPHIC NOT 
REPRODUCIBLE 

Pig 3. Structure of metal of seam with application 
of filler wire AK. 

GRAPHIC NOT 
REPRODUCIBLE 

Pig 4.  Structure of metal of seam with application 
of filler wire AMg6# 

In the process of test welding of plates it was 
noticed that with application of this vrire there is ensured 
good forming of seam and proper continuity of metal.  On 
Pig 5 is shown the facing and reverse sides of seam, and on 
Pig 6 ~ an X-ray photograph of the seam.  The uniform 
structure of the seam, and also the good alloying with the 
basic material (Pig 7) promote an increase of quality of 
the welded Joints. 
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GRAPHIC NOT 
EIBLE 

Pig 5.  Pacing (a) and rever.re (b) side of seam, 
made with application of wire B40* 

GRAPHIC NOT 

Fig 6.  X-ray photograph of 
application of wire 340. 

welded seam, made with 

Testing on inclination to crack formation was done 
on a cross-like sample (Fig -■). ho  or ides in metal of 
seam and or heat-affeoted zone  were    ^veiled. 

In connection with thin, there was *reat interest 
in th- determination of the pror.rrtl^ :: of v.a3ic material 
and welded joints obtained with us^ of the wire B4ö and 
AK. (Participated in worv of v/L l"l!ina) 

;RäPHIC NOT 

*  X K      »   •» 

(filler  :rAo)* 
Alloying or vL^h basic metal 



Mg 8. Oross-llke sample for determination of in- 
clination of aetal of seam and basic to crack fomation 
during wilding« 

Vith this goal we welded plates using a nonconsuaable 
electrode in a medium of argon with application of flux 
lF«4at where in view of the high refraotoryness of SAP we 
used somewhat heightened conditions of welding (Table l). 

Table 1 

Conditions of Hand Argon Arc Welding of SAP 

ToJIIHHHa 
Marepnana 
A    MM 

ÜHaneTp BOJib- 
(t)paicoBoro 

0 iipytKa 
fr   MM 

OtJia Toxa ÄMaiieTp npMct- 
ÄOHHüft npOBOJIOKH 

1.0 
1.5 
2.0 

2.0 
2.0         i 
2.5 

65—70 
80-105 

110-135 

3.0 
3.0 
3.0 

Keys a - Thickness of material mm; b - Diameter cf 
tungsten rod mm; c - Current intensity a; d - Diameter 
of filler wire am« 

Welding of plates was done end to end on a copper 
substrate with through penetration and reverse forming of 

From the welded plates we prepared two series of 
samples I with strengthening of seam and without strength» 
ening of seam« Samples were subjected to short-time tensile 
tests at 20, 350 and 5000 for determination of their strength 
with use of the above-mentioned brands of filler wire« All 
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samples were cut along direction of rolling since it lias 
assumed tWCt in this direction there are obtained lowe? 
strength parameters. Furthermore, we made tests of Stan* 
dard samples of welded joints in bending. Heöults of tests 
are given in Table 2. 

Table 2 

Mechanical Properties of Welded Joints of SAP 
Thickness of Sheets 1.5 mm (6.8# AI2O3) 

MapKa 
npMcaAOH- 

HOA npouo- 
JIOKU 

TcMricpary- 
pa  McnuTa- 

HHfl 

•c 

Ope ACT npOMiiocTti npti pacts AC- 
-            Htm 
0          ICrfMMl YroA 3arit(>a 

ipad 

f C  yCH.ICflliCM 
Ji        fUBi 

603   yOMCHM« 

B40 

m 

B40 

AK 

AK 

AK 

20 

350 

500 

20 

350 

500 

19.3-27.8 

8.S-9.7 
9.1 

4-4.7 
4.23 

23.1-26.8 
25.4 

5.75-8.8 
7.51 

3.3-4.7 
4.1 

3,6-4,6 

21.0-24,8 

6.8-8,8 

2.8-3.5 
3.23 

44-70 
M,8 

Sl-63 
48.1 

a - Brand of filler wire; b - Temperature of test 0; 
c - Ultimate strength in tension kg/mm2; d - with 
strengthening of seam; e - without strengthening of 
seam; f - Angle of bend in degrees. 

As can be iseem from Table 2, the plastic properties 
of seams made with the filler wire B40 are somewhat higher 
than seams with the wire AK# 

For comparison of properties of basic material and 
rfeldei Joints we prepared and tested in tension two series 
of samples, out lengthwise and across direction of rolling* 
*fe welded sheets from SAP, containing 6.8 and 7A% AI2O3. 
Results are given in Table 3-6. 
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Üo^l 

Fig 8, Oross-llke sample for determination of In- 
clination of petal of seam and basic to crack formation 
during welding« 

With this goal we welded plates using a nonconsumable 
electrode In a medium of argon with application of flux 
lF-4af where In view of the high refractoryness of SAP we 
used somewhat heightened conditions of welding (Table l). 

Table 1 

Conditions of Hand Argon Arc Welding of SAP 

ToJiuiMHa 
MaTepuaJia 

/lliaMCTp   BOJIb' 
(t)paiioBoro 

0 npyTKa 
(r   MM 

CH.ia TOKa 

a 

JlHaueTp npHca- 
ÄOHHüfi npOBOJIOKH 

cL   MM 

1,0 
1,5 
2.0 

2,0 
2.0 
2.5 

^5-70 
80-105 

110—135 

3.0 
3,0 
3,0 

Key: a - Thickness of material mm; b - Diameter of 
tungsten rod mm; c - Current intensity a; d * Diameter 
of filler wire 

Welding of plates was done end to end on a copper 
substrate with through penetration and reverse forming of 
seam. 

Prom the weldti plates we prepared two series of 
samples; with strengthening of seam and without strength- 
ening of seam» Samples were subjected to short-time tensile 
tests at 20, 350 and 5000 for determination of their strength 
with use of the above-mentioned brands of filler wire. All 
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samples were cut along direction of rolling since it was 
assumed that in this direction there are obtained lower 
strength parameters. Furthermore, ire made tests of stan- 
dard samples of welded joints in bending. Results of tests 
are given in Table 2# 

Table 2 

Mechanical Properties of Welded Joints of SAP 
Thickness of Sheets 1.5 mm (6.8# -Zz^) 

MapKa 
npitcaAOi- 

HOH   npotio- 
JOKII 

TcMficpaiy- 
pa   Hcnuia- 

mtn oc 

npe;ic.T npo'tiiocTii npit pacrsixe- 
-                  HMH                                       [ 
0        KPIMM* Vroji 3arit6a 

tpad 
f C  yCH.ICHIfCM 6C3  yCtUICHHÜ 

^      oisa 

B40 

B40 

B40 

AK 

AK 

AK 

20 

350 

500 

20 

350 

JOO 

19.3-27.8 

8.5-9.7 
9.1 

4-4.7 
4.23 

23.1—26.8 
25.4 

5.75-8.8 
7.51 

3.3-4.7 
4.1 

3.6-4,6 

21.0-24.8 

6.8-8.8 

2.8-3.5 
3.23 

44-70 
54.8 

31-63 
48.1 

V 

a - Brand of filler wire; b - Temperature of test 0; 
c - Ultimate strength in tension kg/mm2; d - with 
strengthening of seam; e - without strengthening of 
seam; f - Angle of bend in degrees. 

As can be seem from Table 2, the plastic properties 
of seams made with the filler wire B40 are somewhat higher 
than seams with the wire AK# 

for  comparison of properties of basic material and 
weldei joints we prepared and tested in tension two series 
of rumples, cut lengthwise and across direction of rolling 
#e welded Gnec 
results a i 

:t3 from SAP,  containing 6.8 and 7A% ^Oj* 
given in Table 3-6. 



As can be seen from the tables, the strength of the 
basic material and welded Joints of samples cut across rol- 
ling are higher than longitudinal« 

For test of strength of basic material containing 
7.4* oxide of aluminum and of welded Joints obtained with 
application of filler wire B409 we tested two series of 
samples> cut lengthwise and across direction of rolling 
(lable 5 and 6)0 

Table 3 

Strength of Basic Material (SAP) at Different 
Temperature {6.8% AlpO-z). Thickness of Sheet 
1.5 " 

Tennepa- 
Tjpa Menu- 

flpe/ieji npoiHoCTM B 
^    *riMM* 

taMHtt 

a.00 ^npoxara 
nonepex 

Jupoxara 

20 

350 

500 

21.0-31.0 

27.6 
8,1-8.7 

8,3 
3.7-3.8 

3,76 

32.6-33.0 
32.9 

9.0-9.3 
9.16 

3.7-4.4 
4.03 

a - Temperature of test 0; b - Ultimate strength in 
kg/mm2; c - along rolling; d • across rolling. 

Table 4 

Strength of Welded Seam With Strengthening 
(filler B40) 6.8* AI2O3 

Tennepa- 
tjrpa Hcnu- 

ripeAeji npoiiiocTM B 
Jr tcriMM* 

TaHHfl 

n  #C 
BAOJIb 

^npoxara 
nonepex 

^npoKara 

.   20 

350 

500 

20.7-25.7 
22,0 

7.4-8.9 
8.1 

3.6-4.2 
3.87 

26.2-29.2 

27.8 
9,2-10.3 

9,73 
4.0-4.2 

4.13 

a - Temperature of test 0; b - Ultimate strength in 
kg/mm2; 0 - along rolling; d - across rolling. 
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Table 5 

Strength of Basic Material (SAP) at Room Iwa- 
perature (7.45J AI2O3).. Temperature of test 200 

ToJiuiMHa 1 ^      KHMM* 
naiepuaia 

MM 
OL 

BÄOjih     1  n inepeK 
npokara   |inpok-ata 

1.5      | 

1,0      | 

2S.O-.ao.2 
29.4 

28..V-.UO 
29.6      1 

' 2I.8-3U 
29 

30.1-31,6 
30.75 

a - Thickness of material mm; b - Ultimate strength 
kg/mm2; c - along rolling; d • across rolling 

Table 6 

Durability of Welded Joints of SAP on Samples with 
Strengthening of Seam {7A%  AI2O3K Thickness of Material 
1.5 mm 

TcMnepa- 
rypa iicnu- 

ripCAC •   npO'tHOCTH 
1 J^,         KFiMM* 

TaniiH 
BA01 b 

npokara   i 
ROfiCpCK 
.nprnata 

20 

500 

204-2t,3 
2J.9 

5.I-Ä.» 
5.62      | 

30.7-33,9 
31.7 

.S.7-6.1 
5.80 

a - Temperature of test C; b - Ultimate strength kg/mm2; 
c - along rolling; d • across rolling. 

As can be seen from Table 6, strength of welded sam- 
ples cut across rolling is higher than longitudinal, and 
failure occurs in the basic material in the heat-affected 
sone» 
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Ooncluslons 

1. In the process of tests on inclination to crack 
formation (erofts-llke sample) it was established that SAP 
welds without cracks« 

2. Application of filler wire B40 allows us to ob- 
tain comparatively strong seams. Por obtaining hermetic 
welded joints special technology is required« 
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REPROCESSING OP WASTE SAP (P 153 of source) 

M,A, Davydova, E#A. Kuznetsova, B.I, Matveev, A#A. Gelmän 

In obtaining of half-finished products of details 
from SAP there are formed large wastes in the form of press- 
remainders, extrusion ends, sheet and wire cutoff and small 
waste in the form of shavings during machining of details. 
Direct use of these wastes during manufacture of half-finished 
products from SAP has tremendous value for lowering the cost 
of the latter.  In connection with this, the«rthocBdbudied dif- 
ferent methods of processing of waste SAP, 

In practice successful application is made of the 
method of briquetting of small waste of the most diverse 
alloys and steels.  If briquettes from small waste are sub- 
jected to significant deformation (pressing or rolling), 
there are obtained half-finished products of quite high 
quality. With this method of reprocessing of waste, losses 
are significantly less than during resmelting.  If one were 
to consider that remelting of SAP is practically impossible, 
application of this method of use of waste SAP has great 
importance. Proceeding from this^westuiied different methods 
of crushing of large waste, and also the influence of degree 
of cruashing on structure and properties of half-finished 
products of SAP, 

The best method of mechanical crushing from the point 
of view of economy and simplicity would be crushing of big 
waste in crushers. However, as shown by experiments, in 
view of the high viscosity of SAP, crushing in the usual 
hammer crusher did not give positive results, since there 
occurred only some crumpling of metal on the surface. In 
connection with this it was decided to study the method of 
crushing of waste by cutting. 

With this goal, milling of rods from SAP was used to 
prepare shaving of the most diverse dimensions.  The big 
shavings had a thickness of 0.2-0.5 am, length and width 
from l"to 5 mm, bulk weight constituted 0.3-0.5 g/cm3# 
Big shavings was obtained on a lathe.  Small shavings were 
made on a special milling machine adapted for processing of 
powder compact metal. The conditions under which we crushed 
the waste were the following:  table feed 0.09 mm/turn, 
speed of rotation of Table f rpm, speed of rotation of hori- 
zontal milling cutter 4500 rpm. 

The obtained shaving was subjected to abrasion in 
special drums.  In this case its bulk weight was increased 
from 0.26 to 0.65-0.85 g/cm3.  In Table 1 are given the 
mechirical properties of rods, pressed from big and small 
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tiisTlags of 81* idtÄ coatent of alwlxuoi ozldt 15.2^* 

TmUt 1 

Mtotanloal Properties of Rods of SAf Obtained 
From Different Shavings 

-if-flpii 20^ ^-miiaoo* 

■mi CTpJTXKU mtlMM* 
1 
% 

*4 
tcPlMM* 

1 
% 

■ f:«iS min nix Biln max nio max miii 

C»Kf jrnM* cTpjxica 40.5 37.6 7.0 5.4 U.5 9.6 2.0 1.0 

^HtMMI cTpyxKa: 
«•AO «CflipiRflli 41.7 38.5 6.0 2.0 12.4 12.0 1.2 0.4 

41,0 39.5 4,0 2.5 13.5 11.5 0.6 0.4 

a • Vom of shaving} b - It; c - Big shaving; d - 
Smll  shaving; e • before abrasion; f - after 
abrasion <100 aik# 

from Table 1 It is clear that with decrease of dl~ 
aenslons of shaving^ strength Increasep at all temperatures 
and elongation drops. However, the general level of pro- 
perties remains high enough. It Is necessary to note that 
for rods from coarse shavincts the tendency to delamlnatlon 
Is «reater than with small shavings, therefore small are better. 

1 large Influence on quality of half-finished pro- 
ducts obtained from crushed waste Is shown by the parameters 
of their manufacture: temperature of heating of crushed 
waste before brlquettlng, specific pressure of brlquettlng, 
temperature and degree of deformation during hot pressing« 
Tor determination of the Influence of temperature of heat- 
ing of crushed waste of SIP before their brlquettlng on 
mechanical properties of rods and the content In them of 
aluminum oxide we selected temperatures of 400, 450, 500, 
6000. Specific pressure during brlquettlng in all cases 
constituted 40 kg/mm2# After brlquettlng at these tempera- 
tures the density of the briquette oscillated within the 
limits 2.0-2.15 g/om3# Further compaction of these bri- 
quettes at 450C Increased the density to 2.75-2.8 g/cm3f 
I.e. to the density of pressed half-finished products. 
Results of tests are given in Table 2. 
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Table 2 

Dependency of Mechanical Properties and Oontent 
of Aluminum Oxide in Pressed Rods 
on Temperature of Heating 

TcMncpatypa 
Harpesa ncpeA 
OpHKCTHpOBa- 

/r npii 20» ^.npH SCO« CoAepxi- 
HilC OKHCH 
«.HOMHUHH 

BHCM ft 

* 

•• 
Kr/MM* 

1 
% 

• npyTKax 

20 «• ■ _ 14.0 
400 36.0 6.0 to.o — U.2 
450 37.3 5.0 12.0 — 14J 
500 37,0 4.2 13.0 0.9 14.3 
S50 — — 10.0 2.0 H.2 
600 36.0 6.0 7.0 1.8 14.8 

a - Temperature of heating before briquettlng C; 
b - At; c - Oontent of aluminum oxide in rodsji. 

As can be seen from Table 2, preliminary heating of 
crushed waste in interval of temperatures 400-6000 prac- 
tically does not affect mechanical properties at room tem- 
perature or content of oxide of aluminum. However, high- 
temperature heating of shavings at 6000 worsens properties 
of rod at 500C.  This pattern is also observed during heat- 
ing of powder before its briquettlng. 

Regarding influence of specific pressure of briquet- 
ting on density and mechanical properties of rods from 
secondary SAP, the pattern basically remains the same as 
in obtaining of reds from primary powders density of 
briquette incrca.iei5 with specific pressure of briquettlng 
while the mechanical properties of pressed half-finished pro- 
rriotand it:; final density practically do not depend on the 
specific pressure* 

Tt-mrerature of hot pressing, conversely, renders a 
ol^lfiirj.nt influence on mechanical properties of pressed 
haf-finlshsd products from secondary SA? (Table 3; • With 
increase of  temperature of heating of billets from 450 to 
S^O", ultimate strength of pressed rod is increased from 
56 to 39 Ag/mm2, and elongation is increased correspondingly. 
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Inorease of strength and plasticity can b« tzplalned 
by the fact that at the higher temperatures there occurs 
best sintering and, apparently, certain redistribution of 
alualnui oxide. Thus, for guarantee of best mechanical 
Sroperties of secondary SAP at normal temperatures it is 
est to heat the billets to 550-5800. 

Table 3 

Influence of Temperature of Heating of Billets 
Before Hot Pressing on Mechanical Properties 
of Secondary SAP. Test at 200. 

Tennepaiy- 
pa narpeM 
UrOTOBOK 
0.  •€ 

•• 
Kt/MM* 

1 
% 

450 96.0 5.0 
500 37.1 4.8 
550 38.0 5.0 
500 39.0 6.0 

a - Temperature of heating of billets 0. 

Table 4 

Ohange of Mechanical Properties of Secondary 
SAP Depending iJprm Degree of Defozmation« 
Test at 200 

CreueHb AC- 
eopniUNM 

a,* KflMM* 
1 
% 

«7 33.8 0.8 
01 37 1.5 
90 37.5 2.0 
97 37.8 4.1 

a - Degree of deformation^. 
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Por investigation of influence of degree of defoma^ 
tion on change of mechanical properties we pressed rods 
with degree of deformation 67, 84, 90 and 973*. XmBBtig^m 
tion of macrostructure of rods pressed with different degrees 
of deformation showed the following. At a degree of def* 
omation of 67%  the central layers of the rod uftderwent al* 
most no changes, the form and location of partloles of 
shaving are easily seen. Peripheral layer is deformed 
approximately to a depth 5 mm, separate particles of shaving 
no longer can be noted since they are strongly stretched 
along direction of pressing. Rod with degree of deforaation 
of 84% has in the core a structure, stretched In dlreotloa 
of pressing, but the peripheral layers are deformed to a 
significartly larger degree; rods pressed with degree of 
deformation of 90 and 97% have completely deformed struc** 
ture all thru the section» 

In Table 4 is given the dependency of mechanical 
properties of these rods on degree of deformation. With 
increase of degree of deformation from 67 to 97%  the ul- 
timate strength increases by 3»5-4 kg/mm^, and elongation 
from 0.8 to 4,1^, i.e. almost by five times. In obtaining 
of secondary SAP it is best to use a degree of deformation 
of more than 90^. However, if the half-finished products 
subsequently have to be subjected to significant deforma- 
tion, then degree of deformation during hot pressing of , 
secondary SAP may^e decreased to 80^. 

This investigation allowed us to select optimum tem- 
peratures of heating of crushed waste before their briquet- 
ting and of billets for hot pressing, and also optimum de- 
grees of deformation in obtaining of secondary SAP# 

After that we conducted a comparative investigation 
(both in laboratory and in factory conditions) of proper- 
ties of half-finished products of SAP, obtained directly 
from powder and crushed waste (briquetting with heating and 
witnout heating).  From powder SAP-2, containing 16%  of 
aluminum oxide, we pressed rods while from their waste we 
obtained secondary SAP,  Temperature of heating of billets 
for hot briquetting and hot pressing was identical and con- 
stitued 470-5000, degrees of deformation also were Identical 
in all caseb (95-98^1. Average results of tests are given 
in Table 5. 

Data given in Table S indicate that secondary SAP 
presGcd from waste (shaving) obtained by machining has 
satisfarjtory mechanical properties» 

The plasticity of secondary SAP is higher than pri- 
mary,  '.l -ch a variation is also observed in secondary pres- 
sing of primary SAP.  T^is is explained by the fact that the 

i- Itself already has a deformed structure and further J lid 
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Table 5 

Mechanical Properties of Rods from Primary 
and Secondary SAP 

cL npii so» 
HCXOA- 

uufi Ma- 
tepNa« 
a. 

BpHKetfi« 

pOBaHMC 

4- 

ÄMa- 
MCTp 

npyi- 
»ca 

MM 

KriMMl 

max min 

I 
% 

max min 

gCnpiiSOO0 

*r/MM* 

max min 

I 
% 

max min 

«nepsiii- 
uui CAR 

^(lepBMq- 
SuACAn 
rBiopHi- 
taufi CAR 
/»Btopim- 
rBufiCAn 

ropxqec 

XOJIOä- 
uotii 

Popimec 

XoaoA- 
HOC£, 

50 
18 

43.4 
45,3 

40.1 
42.7 

2.8 
4.4 

1.4 
2.8 u.o 12.5 1.0 

14 45.4 43.7 4.0 3.4 14.4 12,7 1.6 

14 44.2 42.5 5.6 4.0 M.9 13.3 2.2 

14 43.5 42.4 5.0 4.0 15.2 13.9 2.0 

1.0 
0.8 

1.0 

a - Initial material; b - Brlquettlng; c - Diameter 
of rod mm; d - At; e - Primary SAP; f - Secondary 
SAP; g - Hot; h - Cold. 

deformation of It evokes Insignificant lowering of ultimate 
strength and more significant Increase of elongation« 

^e Investigated the mlcrostructure of brlquettest 
billets and finished pressed half-finished products from 
secondary SAP. Since the Initial raw materials for second-. 
ary SAP are crushed waste of primary SAP, then It Is na- 
tural that secondary material preserves completely the 
structure of SAP. Thanks to this, the mechanical properties 
of secondary SAP hardly differ from properties of primary 
SAP, with the exception of elongation. However, the micro- 
structure In both cases Is practically Identical for de- 
finite conditions of obtaining of rods (Fig l). In con» 
neotlon with the fact that the elongation of secondary SAP 
Is higher Its mlcrostructure should differ from primary SAP. 
Nonetheless It Is possible with confidence to say that In- 
asmuch as secondary SAP Is pressed from crushed shaving 
which consists of an aluminum matrix with distributed dis- 
persed oxidized particles, then as a result of the repeated 
brlquettlng, sintering, compaction and hot pressing there 
occurs a certain redistribution of crushing of aluminum 
oxide, the result of which Is some Increase of elongation. 
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Fig 1. Mlcrostructure of SAP rod 
a - primary, b — secondary ' 
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Ooncluslons 

3y means of mech&nlcal crushing of waste SAP into 
small shavings, subsequent brlquetting and pressing» we 4 
oaa obtain high quality half-finished products, «hose 
mechanical properties differ insignificantly fro« the pro- 
perties of half-finished products from primary SAP« 

4 ' . ■ • 
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SAS WITH LOVf COEPPIOIENT OP LINEAR EXPANSION 
(pl60 of source)        ? 

I.N. Pridlyander, N.S. Klyagln, 
H.A. Krivenko 

(B.I, Bablchev, V.S. Rudometov, V.V. Ivanov, 
B.D. Plryulin participated in this work) 

A considerable lowering of the coefficient of linear 
expansion of aluminum is in principle possible by means of 
introduction of large quantities of elements having a coef- 
ficient of linear expansion significantly lower than for. 
aluminum,  (B.G. Livshits, Physical Properties of Alloys, 
Chapter, " ihermal Expansion*', Metallurgy Publishing House, 
1960; M.P. Slavinskiy, Physical arid Chemical Properties 
of Elements, Metallurgy Publishing House, 1952). However, 
then there are obtained fragile alloys which are difficult 
to cost and to press.  (Smith, SAE Journal. 1959, vol. 66, 
No 9, pp. 48-50;»  There is interest in the manufacture of 
such alloys by the method of powder metallurgy. 

In this work we conducted an investigation of alloys 
of the system Al—Si alloyed with different elements ^having 
a comparatively low coefficient of linear expansion (Table 
1).  (Heinrich Herbst, Patent PR£, No 970904, 1958), 

Obtaining of initial powd rs was done by two methods: 
atomlzation of alloy of given composition on a sprary in- 
stallation and crushing of shaving of finished alloy in a 
ball mill. 

Diagram of srray installation is shown in Fig 1, 
Melted metal is poured into a graphite crucible.  In the 
bottom part of the crucible there is a hole, closaiby a 
graphite stopper to regulate the speed of supply of metal 
.fror, crucible tc spray nozzle. After achievement of tea« 
p rature of atomization the stopper is raised the required 
height and metal enters the nipple. 

Stream of metal ensuing from nipple is broken up 
by a flow of nitrogen, bursting from the spray burner under 
a pressure of 3-5 atm. Under the action of shower cooling 
the smallest drops of alloy are crystallized and, dropping 
on a pan filled with water, are finally cooled. 
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Table 1 

Physical Properties of Investigated Additions 

HaNMeKOoaNiic ».ICMCH* 

74 Mail  XMMIIMCCKOro 
/l       COCAHHeHHH 

TcMncpatypa 
n.iaB.icHH« • 106 

(2.     KpCMHHft 

(L )Keae3o 

6   Huweab 

f     UlipKUHHH 

0   TNTaH 

»v Kaptiiiji KpeMiiHR 

1430 
1539 
1455 
1750 
1820 
2400 

2,3i~2,40 
7.87 
8.5 
6.S3 
4,51 

2,2-2,4 

S.95 
11.5 
13.3    . 

6.83 
7.14 

4,0-4.5 

a - Designation of element or chemical compound; 
b - Temperature of fusing 0; c - Silicon; d - Iron; 
e - Nickel; f - Zirconium; g - Titanium; h - Silicon 
carbide. 

The body of spray installation is continuously cooled 
by water. In the hearth there is an inspection window for 
observation of the process of atomlzation and a valve for 
exit of excess nitrogen. For the purpose of simplifying 
the process of atomlzation and observance of rules of safety 
engineering certain operations are automated, control of 
these operations is remote. As a result of atomlzation we 
obtained powders with particles of round form, having di- 
mensions from 5 mk to 1 mm. 

The second method of obtaining the initial powders 
was grinding of shavings of the alloy in a ball mill. Con- 
ditions of grind were selected separately for every alloy« 
Magnitude of particles of powder, having in this case a flat 
form, was somewhat larger. 

The process of obtaining the half-finished products 
(rods) consisted of two operations: hot briquetting, and 
pressing. 3ef~re briquetting the Initial powders were 
poured into tubes with covers of sheet duralumin and heated 
to a temperature of 5000 which was sustained for 1.5-2.0 
hours. This temperature ensured noticeable lowering of 
resistance of material to plastic flow. 

Then the powders were briquetted in a container with 
plunger heated to 4600. Specific pressure in all cases was 
the maximum (88.5-92.0 kg/mm2). Briquettes were turned and 
were subjected heating. Temperature of heating was changed 
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Pig 1. Diagram of spray Installation 

1) graphite crucible, 2) heater of crucible, 3) cover, 4) 
mechanism of control of stopper, 5) stopper, 6) heater of 
nipple, 7) nipple, 8) spray nozzle, 9) body, 10) inspection 
window, ll)hearth, 12) pan. 

depending upon plasticity of alloy from 500 to 6400.  irom 
the heated briquettes we pressed rods. Technology of pres- 
sing was developed talcing into account difficulties en- 
countered during pressing of fragile, difllcult-to-press 
powders: briquettes were pressed in plated tubes using 
designed spherical dies specially for this purpose with 
orifices of different diameters. 

Subsequently we studied the structure, mechanical 
and physical properties of the finished rods. Mechanical 
properties were determined on samples prepared from rods 
of diameter 14*15 mm. 

During the investigation of binary alloys of the 
system Ai-Si it was found that after deformation from the 
cast state, the highest strength is shown by the alloys, 
close In composition to eutectic Silumin (Pig 2).  ifith 
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Fig 2t Dependency of mechanical properties of 
alloys of system Al«3i on content of silicon« 

a - Alloy, deformed from cast state; b - Alloy, de- 
formed from powder (grinding of shavings); c - Content 
SiJ«. 

deviation from the eutectic composition the strength of the 
alloys drops. Plasticity of alloys decreases with increase 
of content of silicon. This apparently is explained by 
the presence of big primary segregations of silicon which 
lower the plasticity, promoting the increase of inclination 
of alloy to embrittlement. During the investigation of the 
group of alloys obtain3d by deformation of powder prepared 
by grinding of shavings, it turned out that just as in the 
preceding case, aazimum strength is shown by the alloys of 
eutectic composition. Wi di increase of content of silicon 
to 2k.0%  the strength of ihe alloys drops insignificantly 
and with a further increase of content of silicon practically 
is not changed. Plasticity of alloys prepared from powders 
is on the average   one and a half times lower than the 
same alloys deformed from the cast state. At a content 
of 32J( Si this different disappears. Consequently, in pow- 
der alloys increase of quantity of silicon above 12% does 
not lead to sharp drop of strength, in distinction to alloys 
deformed from the cast state. 
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.During the analysis of the above mentioned data It 
was established that of all the alloys of this system the 
best strength oro^erties and the lowest coefficient of 
linear expansion are shown by the alloy containing 25*30% 
Si (remainder aluminum). 

In subsequent investigations the alloy Al —■ 25%  Si 
was subjected to alloying by different elements with the 
purpose of a still larger lowering of its coefficient of 
linear expansion. 

Addition of iron to alloy deformed from the cast 
state   lowers Its strength (ilg 3); increase of content 
of iron in powder alloys from 1 to 5%  (in obtaining of 
powder by grinding of shavings) evokes a significant in- 
crease qf their strength; further increase of content of 
iron leads to a lowering of strength characteristics; 
strength of alloys from powder obtained by atomization 
of melt with content of iron up to 8%  is not lowered and 
remains significantly higher than in the preceding cases 
(sec Pig 31. In these regularities we see clearly the 
positive quality of the powder method.  Results of investi- 
gations conducted confirm the possibility of obtaining by 
the method of powder metallurgy a finely-dispersed struc- 
ture even for alloys containing a large quantity of in- 
soluble phases; their strength not only is not lowered, but 
sometimes even increases with a considerable increase of 
the concentration of insoluble or slightly-soluble additions» 

In the next group of alloys we studied the influence 
of additions of from 5 to 17% nickel (Pig 4).  i'he strength 
of powder alloys, especially those prepared from atomised 
solder, is significantly higher than for the same alloys 
ob opined by deform tion from the cast state.  However, 
strength of all the alloys of the system Al—Si—Hi is in- 
creased with increase of content of nickel while the elon- 
gation practically is not changed« 

Gonpequently, addition of nickel more favorably 
affects properties of alloy than addition of iron. Best 
mechanical properties in given group of alloys are shown 
by alloys with 5*7%  Ni.  These alloys also have the lowest 
coefficient of linear expansion. 

It is necessary once again to emphasize that obtain- 
ing of alloys by one of the methods of powder metallurgy 
(especially atomization) leads to a sharp increase of 
jtr3ngth, as compared to the usual methods of casting and 
pressing (Fig 5). 
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Hg 3« Dependency of mechanical properties of 
alloys of system on content of iron« 

a - Alloy deformed in cast state; b - Alloy deformed 
from ponder (grinding of shavings); c - Alloy, de- 
formed from powder (atomizationj; d * Content Fe %. 
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fig 4. Dependency of mechanical properties of 
alloys of systea 11—Si~Hl on content of nickel. 

a - Alloy, deformed from oast 3+%te; b - Alloy, deformed 
from powder (grinding of shavings); o - Alloy, deformed 
from powder (atomised); 4 - Content Hi %. 
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Fig 5. Dependency of mechanical properties of 
alloys on method of their preparation. 

a - casting; b - grinding shavings; c • atomlzatlon 
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Pig 6. Dependency of mechanical properties of 
alloys of system Al—Ti on content of titanium. 

a - Alloy, deformed from cajit state; b - Alloy, deformed 
from powder (grinding of shavings); c - Content Ti %. 

Dependency of investigated mechanical properties of 
alloys of system Al — Ti on content of titanium is pre- 
sented on Pig 6. Strength of alloys obtained from powder 
is significantly higher thnn the same alloys prepared by 
castinp;. Elongation irj somewhat higher in the latter case« 
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Then we investigated alloys with additions of silicon 
carbide (SIC). Initial powders of alloys of system Al—Si—S10 
were prepared by the method of mixing of powders of alloys 
Al—Si and SiO, The strength of the obtained alloys is suf- 
ficiently high with 10%  SiOfgs: 24.7 kß/mfi,  £ = 3.9%;  with 
20%  SIC ^= 25.0 kg/mm2f ^ - 1.4%). 

Simultaneously with investigations of mechanical 
properties we determined the coefficient of linear expansion 
of all the enumerated alloys (Table 2). 

Table 2 
Coefficient of Linear Expansion of Investigated 
Alloys (powder is obtained by grind of shaving) 

XKMimccKfifl cocrait cruiaoa 
(ociaiibHoe Al) «HP jfr npHMenaiiMc 

0.            * 

5% Si 24.0 
22.2 

12% SI 21.5 
24% Si 18.5 
26% Si 17.07 
32H Si 17.02 
25% Si-1% Fe 17.00 
25% Si-.5% Fc 16.90 O 
25% Si-7% Fe 16.40 RAH paciii4JicuHoro 

cnjiaea 
«=16,00.10-« 

25% Si~8?i Fe 16.80 
25% Sl-9% Fe 18.00 C- 
25% Si-5% Ni 15.45 AaR paciiM^ciinoio 

cnjiaea 
«-14.00.10-6 

25% Si-5.5% Ni 15.30 
25% Si-8,5% Ni 15.00 
25% Sl-9,5% Ni 16.40 

25% Si-^^' Ni-2.5% Zr 16.90 
4%TI 20.20 
9% Ti 18.70 

13% T^ 17.70 • 
5% Si—10% SiC 16,40 
5% Si—20% SiC 16.00 

a - Chemical composition of alloy (remainder Al 
b - Note; c - Per atomized alloy. 

In the group of binary alloys of the system Al—Si 
the value of ö( drops with an increase of content of silicon, 
which has a low coefficient of linear expansion.  With the 
maximum content of silicon {32.0%  Si) the coefficient of 
linear expansion of the alloy is equal to 17.02«io , By 
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adding iron to the alloys containing 23%  Si we can   ob- 
tain i  lower value of <y . However, low rlM of of CGntlimes 
only to content in alloy of not more than 75» ^©t already at 
8%  Fe the coefficient of linear expansion again starts to 
grow fast. It is nfecessary to note that a lower coefficient 
of linear expansion is shown by alloys obtained frojar pow- 
der prepared by atomization. 

m^ 

WJ 

Or-*" 
iMri 

Pig 7. Microstructure of alloy Al—24^ Si in 
state as deformed from ingot (a) and from pow- 
der obtained by grinding of shavings (b) ^500. 

Coefficient of linear expansion of alloys, alloyed 
by nickel, is somewhat lower than all the other groups of 
alloys.. With an increase of content of nickel there is 
observed a tendency to further lowering of o(  but just as 
in alloys alloyed by iron, the lowering occurs only zo  a 
definite limit : already at 9.5%  Ni the value of OC again 
is increased.  Introduction in the alloy of 2.5%  2r did 
not lead to lowering of o( (sec Table 2), 

Titanium more efiectively lowers the coefficient of 
linear expansion of binary alloys with aluminum than, for 
instance, silicon; already at content 16%  Ti $=  17.7*10 , 
while at a content of 24$ Si <*= 18.5-106.  Obviously it 
wrill be valuable to  subject to further alloying the binary 
alloy:: of ihe system 11—Ti with the purpose of still larger 
lowering of the coexficient of •inear expansion« 

Alloys of the sysxem Al—Si—SiC possess high me- 
chanioal properties and a low coefficient of linear expan- 
sion, where the more silicon carbide in the alloy the 
lower o( • 

On Fig 7 (a,b) is given the microstructure of hyper- 
eutectic Silumin with 24$ Si, deformed in cast state, and 
also oi tue powder alloy (prepared by grinding of shavings). 
The sliari) difference between structures is explained by 
the different methods of preparation of alloys; powder al- 
loys have strongly crushed structure, the big crystals of 
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primary segregations of silicon are turned into very snail 
fragments of Irregular form. The same tendency is also 
rwaaled for alloys 11—25^ Si—5^ Fe (Pig 8) and A1-^25J< 
9%**m Hi (Pig 9). 

Pig 8. Microstructure of alloy Al—25^ Si—SjfPe 
in state deformed from ingot (a), from powder 
obtained by grinding of shavings (b)y and deformed 
from atomized powder (c), X500 

The microstructure of powder alloys with additions of 
Zr, Tl and SiO is analogous to the microstructure of the 
alloys of the above-mentioned systems. 
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OBTAIHIHG OP STAUDARD AlUMIJTOM ALLOTS BY 
THE METHOD OF POWDER METALLURGT 

(p 169 of source) 

I.N. Prldlyander, G.J). Agarkov, N.S, Klyagl3mf 
R.A. Zrlvenko 

The obtaining of deformed half-finished products from 
ingots of aluminum alloys in a number of cases Is associated 
with significant difficulties. During casting of certain 
alloys considerable rejects are obtained due to cracks and 
heterogeneity of structure (internetallic inclusions, light 
crystallites, slag and oxidized inclusions etc«) Further- 
more^ in the process of deformation there can appear a 
macrocrystalline or mixed structure, macrocrystalline rim 
and so forth« 

The target of this work was the study of possibilities 
of obtaining of high quality deformed half-finished products 
from aluminum allays by the method of powder metallurgy. Ve 
also had an interest in checking the influence of aluminum 
oxide on the properties of standard aluminum alloys« 

The investigation was conducted on alloys B96 and 
D16« Initial powders of the alloys were prepared by two 
methods: mixing of powders of components of the alloy, and 
atomization of prepared alloy on a special spray installation. 

The process of pressing of the powders consisted of 
three operations: cold briquetting, hot compacting and 
pressing of rods. During cold briquetting the powder was 
poured into tubes which were placed in container of press 
aad there were subjected to compression under the necessary 
pressure. Briquettes were turned by 1-2 mm and then com- 
rscted (after preliminary preheating); the obtained billets 
w^re turned, heated and pressed into rods. During briquet- 
ting the billets were held under maximum pressure (90-100 
kg/mm2) for 1.0-1.5 min. Temperature of heating before 
compacting and pressing of rods constituted 4000 for 1.5- 
2.0 hours. 

Per alloy B96 obtained by the method of powder metal- 
lurgy, we retained the conditions of heat treatment applied 
during the usual method of its manufacture« 

Influence of homogenization was investigated on 
cermet alloy B96 prepared by mixing of powders of components 
(Pig 1). Homogenization somewhat worsens the strength or 
such alloy, while its elongation practically is not changed. 
In the usual cast alloy there exist the coarse excess inter- 
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metallic phases which embrittle the alloy, lowering its 
strength and plasticity.  During transition ot  these phases 
in the process of homogenization into the solid solutlöhi 
the plasticity and strength of the metal grows•  In the 
cermet alloy coarse inclusions of excess phases are absent 
and th: beneficial action of homogenization cannot appear« 
The diffusion processes in cermet metal go faster than in 
the usual metals, therefore in the process of homogenization 
there is observed an intense burning out of magnesium, on 
the average by 4-9^, and oxidation of zirconium by 20-25& 
Consequently, homogenization, which is used during produce 
tion of half-finished products from cast alloy B96, is 
not advisable for cermet nrocurement« 

•ic+roeenusupoöüHhvu - -^^ 

 1 1     wu —-&- 

20  mm203 300   mx 

Fig 1.  Influence of homogenization on mechanical 
properties of cermet alloy B96. 

a - homogenized; b - not homogenized. 

Influence of heat treatment (quenching and aging) 
on properties of cermet alloys B96 and D16 essentially de- 
pends on the content in them of aluminum oxide liable l). 
Quenching of alloy B96 was done from a temperature of 
^700 after holding for 40 min, alloy D16 —from 500C after 
holding 40 min; aging of alloy B96 was at the conditionss 
heating ot 1400, holding 16 hours; alloy D16 was subjected 
to natural aging for twenty-four hours. 

Heat treatment significantly increases the strength 
of alloys and lowers their elongation for small contents 
of aluminum oxide, but does not change the properties for 
high content of aluminum oxide. Apparently, in the first 
case the powder allocs conduct themselves Just as the alloys 
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obtained bj easting, here strengthening is attained by the 
formation of a supersaturated solid solution and Its sub- 
sequent disintegration. 

In case of a large quantity of aluminum oxide ire 
have the meohanls» of hardening peculiar to SAP; harden* 
log by soluble phases Is not observed. Alloy B96 with a 
small content of aluminum oxide has high strength after 
heat treatment, which may be still Increased with the help 
of certain technological measures described below. 

Table 1 

Influence of Heat Treatment on Mechanical Properties 
of Alloys B96 and D16 (powders of alloys were prepared by 
method of mixing) 

Or 
Cnjaft 

CoinepvK-a- 

% 

Ro TCpM006pa(»OTKII JIOC.IC TCpMOotipatioTKIf 

•• 
tcrjMM* 

1 
•• 

»i 
3-4 
10-11 

33.9 
42.6 

9..^ 
3.S 

62t4              3.5 
43.3      !       3.6 

A16   . 
3-4 

10-U 
16.4 
40.1 

11.0 
2.4 

36.4 
40,7 

9.7 
3.9 

a - Alloy; b - Content AlgC^; 0 - Before heat treat- 
ment; d • After heat treatment. 

VIth a large content of AI2O3 the strength of alloy 
B96 and D16 Is almost Identical; It Is not changed after 
heat treatment and Is equal to the strength of SAP with the 
seas content of aluminum oxide. Consequently, production 
of alloys with a high content of aluminum oxide Is of no 
value; more expedient In this case Is the use of the usual 
SAP. At high temperatures the alloy B96 with a small con- 
test of aluminum rxlde conducts Itself analogously to the 
usual alloy B96 — Its strength Is noticeably lowered and 
elongation Increases rapidly (Fig 2).   Alloy B96 with 
10-lljf Al2<h is weakened less Intensely and the ultimate 
strengths of both alloys become equal at 4000. The elon- 
gation of alloy B96 with 10-11^ AI2O3, In distinction from 
«to usual SAP, grows; in this there appears the action of 
alloying additions of magnesium, zinc and others. Elon- 
gation of alloy D16 with both high and low content of alum- 
inum oxide with Increase of temperature is practically not 
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changed up to 4000 (Pig 5).  The ratesof lowering of strength 
are approximately identical. Probably, for the alloy D16 
obtained by mixing of powders the content of 3-*%  of alum- 
inum oxide is sufficient to suppress the usual mechanism 
of dispersion hardening. 

Significant improvement of properties of the alloy 
is attained with its preparation from atomized and not 
mixed powders (Table 2). 

The content of aluminum oxide in alloys obtained from 
powders prepared by atomization consituted 3m5%9  in alloys 
from mixed powder — 3-^. During mixing of powders of the 
separate components of the alloy equalizing of composition 
occurs through the diffusion processes which take place In 
the solid body.  These processes are slow and probably dur- 
ing our technology of the manufacture of cermet alloys are 
not fully completed, especially in the alloy D16,  The alloy 
in the liquid s^tate possesses high homogeneity, and in 
atomized powders the degree of homogeneity of structure is 
significantly higlier than in mixed, which explains, ob- 
viously, the increase of strength of alloys (and especially 
alloy B16)  when the atomized powders are used. 

so 

JO 

20 

20   tOO ISO 200    300    m'c 

Fig 2.  Change of mechanical properties of cermet 
alloy B96 depending upon content of aluminum oxide. 
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Hg 3« Change of meohanlcal propertlts of cermet 
alloy 1)16 depending upon content of aluminum oxide* 

We also studied the influence of size of particles 
of the initial powder on mechanical properties of the alloys 
investigated« 

Table 2 

Influence of Method of Preparation of Initial Powders 
on Mechanical Properties of Hods of Diameter 13 »a Prom 
Alloys B96 and Dl6 (temperature of test 200) 

lUpKa 
i n CueuieHite f^ FacnujieHMe 

^CfiMU 1 
% 

1 
« 

€2.5 
41.1 

4.3 
14,7 

72.1 
57,5 

5.4 
17.9 

a - Brand of alloy; b - Mixing; c - Atomization 

Crushing of particles of atomized powder (in Investi- 
gated limits 5-100 mk) did not have any influence on the 
properties of alloy B96 (Pig 4)9 but improved the properties 
of alloy D16 — (Pig 5). 
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Pig 4# Influence of coarseness of particles of pow- 
der on mechanical properties of cermet alloy B96. 

a - small; b - big 

m*c 

Fig 5.  Influence of coarseness of particles of pow- 
der on mechanical properties of cermet alloy S16, 

a - big; c - small 

^o 
Influence of method of preparation of cermet alloy 

on its structure is well illustrated in Fig 6. 
In the structure of the alloy prepared by mixing 

of powders, one may see a large quantity of coarse segre- 
gated hardening phases (Fig 6,a).  Structure of alloy pre- 
pared from atomized powders is highly dispersed and Is 
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uniform (Pig 6fb). tilth  a small quantity of aluminum oxide 
(3-W the structure of the alloy obtained by mixing of 
powders is characterized by big segregations of the harden- 
ing phases; with a high content of aluminum oxide (lO-lljt) 
there will be formed an extraordinarily fine-grained uni- 
form mlcrostructure with a great number of Impregnations 
of aluminum oxide. 

In this case the mlcrostructure of alloy B96 is 
similar to the mlcrostructure of SAP (Pig 7). 

Fig 6. Mlcrostructure of cermet alloy 396 (3-4J8 
AI2O3) prepared by mixing of povders (a) and from atomized 
powders (b), X500. 
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c: Pig 7. Mlcrostructure 
content (10-11;$) of A1205, X500. 

a ioy B96 with high 
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Using the new powder method of production of half« 
finished products from standard aluminum alloys we have 
established the following» 

1. Alloys» Initial powders of which art prepared 
by the method of atomisatiom» possess significantly higher 
properties than alloys whoae powders are obtained by the 
method of mixing of separate components. 

2. Decrease of «ilse of particles of powder leads to 
significant increase of mechanical properties of the alloy 
D16. The mechanical properties of alloy B96 were not af- 
fected by change of dimension of particles of initial pow- 
der (in investigated limits). 

3. Powder alloys BS>6 and 016 with large content of 
aluminum oxide (more than 10%)  act approximately like SAP, 
and alloys with small content of aluminum oxide — act 
analogous to the usual cast alloys, but differ from them in 
a more uniform structure. 
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