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Abstract: In order to study the thermal deformation behavior of uranium-molybdenum alloy, and to
provide theoretical support for the design of uranium-molybdenum alloy press working, Gleeble3800
thermo-mechanical simulator was utilized to perform single-pass compression experiments on uranium-
molybdenum alloy in the conditions of deformation temperatures of 500, 600, 700 °C, and strain rate of
0.01, 0.1, 1 s7!. The true stress-true strain curves of uranium-molybdenum alloys were established at
various temperatures and strain rates, and the effects of temperature and strain rate on the deformation
stress of uranium-molybdenum alloys were analyzed. At the same time, the microstructures of uranium-
molybdenum alloys were analyzed after thermal deformation, and the constitutive equations of the
uranium-molybdenum alloys and the processing map were established. The results show that the true
stress of uranium-molybdenum alloy increases with the true strain and then tends to be stabilized, and a
dual-phase organization of a-U and Mo,U, phases is formed in uranium-molybdenum alloy after
thermal deformation. The activation energy of uranium-molybdenum alloy during thermal deformation
is about 590.4 kJ/mol. The constitutive equations and the processing map of the alloy which are

consistent with practice were constructed with peak stress and strain rate and temperature.
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Fig. 1 True stress-strain curves of uranium-molybdenum alloy at different temperatures and strain rates
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Fig. 2 Metallographic images of uranium-molybdenum alloy after thermal deformation at different temperatures
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Fig. 3 XRD results of uranium-molybdenum alloy
after thermal deformation at different temperatures

FHo 7E 500 C ABIE G, 4G &R IAN o-U 41
il Mo, U, #H1; 7£ 600 C #VEIE J5, fl 41 & 43R
A a-U 8 F1 Mo,Uy #; 7 700 C T 5, #h4H G
4T BRI N o-U A1 Mo, U, #, 1B 1A 4 4H &
GTE 700 C T ARTE 23 K A B W 0 B A A5
i, AT 50 s 200 T AT S 06 28 5, ARG AR B DX
T G Ve 2 R A e AR AT 0 GO AL 26 Hr A
i KL 320 R0 P R K A 1 2 /N d ok, i — A
W1 700 °C TG &I 10 sh A 45 AT
B . 8 3 71600 °C 5 700 °C K FA AT 564351
4 U0, 1 UC,
23 FRHFEEE

ASZIGAH ] Arrhenius 5 B X il B0 A 42 1) I
I AR TR TR B 2 (8] A 06 R AT AL 0,

é::AF(a’)exp(—RgT) D

A g N EE, s ARG Fo) R To
B PR KL O AP TE IS E, J/mol; R S H %L,
4 8.314 J/(mol-K); T A S22, K; o Rikfi
R 7, MPa.,

o™ ao <0.8
F(o) =< exp o ac>1.2 2
sinh”" o JIrE R

L, non. B a N EEL Hba=g/ny.

Xp 2 C1) PR 23 00 3B B AR % %5, % B R] A5 =X
(3)~(5),

Iné=InA,+nlnoc-Q/RT (3)
Iné=InA,+Bo-Q/RT 4)
In & = In A; +nln(sinh ao) — Q/RT (5)

X, AL Ay AR

BB VA I g i 728 3R 2% U B %o AR T
THRER AR/, O MM . W (3) . (4) AT FE
th, # A hino | o HREARAR, In & AL BRIETT
PG, R /D 2ok vk IR 1 H 4R, 1)
nf5n . B,

A 4 RS HA R RN E, AT n, =
11.511 ,5=0.055 , fIf Lla=B/n, =0.00478 . Fia
A (5), X In &~ In(sinh ao) #EAF LA, 0
5 s .

KIS LRI o, KLV, n=
69517,

Zener U R T ZS B0 R, v SRR R
v i A8 A 1 10 A R 5 R R 2 ] O R
W s,

Z:éexp(%) = Asinh" a0 (6)

Xt (6) 301 SR X8, IF AT 15 (7)o

0 1000 Iné—InA
7
1000hR T | n R

MK (7) 0] F AR R AR R — BB LR, Al
X} In(sinh ao)-1 000/T 17 ELZ& LA, BRI N
Q/1 000nR AYAE, 25 1154 BN AT SR A5 AR TE 30

&b
He U o

In(sinh ao) =



888
2 ~
l -
of .
71 r
27 A
=4 -3
i N +500 °C
= 600 C
-6 4700 °C
7L , , , , ,
3 4 5 6 7 8
In(o/MPa)
2 ~
1 L
0 L
~-1F
‘m
22
;;/ L]
73 -
al +500 C
o m600CT
Sr 700 C
~100 100 300 500 700

o/MPa
[ 4 T TR E 25 T A 3o 4 W 7 A ) O R
Fig. 4 Relationship between strain rate and peak strain
under different temperature conditions

1 L
0 L
~ —1F
Tm
s 2 "
=g
4| + 500 C
Sl ¢ =600C
700 C
76 1 1 1 1 ]
-2 -1 0 1 2 3

In(sinh a6/MPa))
K5 ARIFENREEAMT In é-In(sinh ao) K5
Fig. 5 Relationship between In &-In(sinh ao)
under different temperature conditions

HRAE & 6 FT 7, AN [F) 0 A8 3R 45 1 3 4540
A ELR R ME K 10.216, i i 15745 2] #
I B RE Q 24 590.4 kJ/mol,

X2 (6) P I A SR X HL, #2555 (8) .

In Z = In A + nIn(sinh o) (8)

FE3(6) TR KT I R AR 3 2R | Yl TR T
BN e B XT B Z , X% In Z-In(sinh ao) #EAT LA,
PLA BRI RIRRI N n, LRSI bR A EREE RN
InA,

B 7 34 1 R R 6.637, #EEl 75.39,
In Z-In(sinh o) A5 I n K 6.637, 5 & 5 LG 1Y
nARSE T, VR HERA, X n#ETTIEIE, n=6.637, i
A E] AN 5.5139x10%2,

JRTBER A AR 5599
25
=~ 15}
<
[=%
=
§ o5
=
€
E 05
715 1 1 1 J
0.95 1.05 1.15 1.25 1.35
1000,
K

B 6 AN R AEH  45F F In(sinh ao)-1 000/ % 5
Fig. 6 Relationship between In(sinh ao)-1 000/T
under different strain rates

951
90|
85 I
Nsot
Ttk
70}

65 1 1 1 1 1 1 1 ]
-15 -1.0 =05 0.0 05 1.0 15 20 25
In(sinh ao/MPa)

7 In Z-In(sinh ao) = 5
Fig. 7 Relationship between In Z-In(sinh ao)

¥a.n, AL QFMRMAXCL) AT 15485

S AR IR
£=5.513 9 x 10%[sinh(0.004 780-)]*%"x
exp (=70 182.55/T) 9
X 3 (9) A $ ] F5 U N 77 5 7L RE RN N AR
SIS

1

1 i (( VA )66%7
77000478 "\\55139% 107 "

(seae)” 1)
+
5.5139%x10%

‘ 590.4x 10°
Z = éexp T

Shy U6 I A ¥ T R ) VR R S 56 T AR )
T E N S R SRR A (10) kAT HEE -0
(B 7 B E 5, K 1B 0 B (B 5 0 i A U
AT XT L

P 8w e (B IV 7 A B3 RN 0 o {5 M 422
T, RUZAN 7 B AT 7R IR S 500~700 °C, L
AR A 0.01~ 1 57!y [ N30 o i R Al AR & 4
TR | AT BUR AR IR, (A2 5
T A RTINS A R AR AE R I 2, 31X AT g

aom

Horp:



a4

SR B 4 R T S 400 S R BT 5T Al BH 5 4 VIR TEAT 889

THIER S S TEA IR T AR A AR A K5 4 1
SIVE R ST EL

800
700 |
600 |
500 | b
400
300 | .

200 | A

Py o 3B
100 | . & v
¢ A P

H v S1/MPa

—100

500 600 700
i g/ C
&8 Ay 7 Rt i B (S I R (B X L
Fig. 8 Comparison of theoretical values calculated
by constitutive equations and measured values

24 N TR EIL

A DMM 28R EHE RIS X} Gleeble3800
PRABEALLHIL I S 30 B340 147 A 38, ) Al B 4 AR
T, kR R AR S B, L BE R P T o
(1D 35

P=G+J (1D

Kb GRS T WS RE Y g B (RERLR ) oM A
S AL I FERY AE = CRERLE ) <

AR AR 2k A v, AR TR I ) A AR 3R
TG R, HAR B N AR R S R AL, Pl T
L (12) 75733,

_0J Olno

m_TG_ 0ln & (12)
GHJA L (13) . (14) 5,
e . &0
G:joa'de—m_’_l (13>
T _&om
J_jogda—_m+1 (14)

Hm=1 I, R PV B FEHUCIR S f BEAR, 1
I J 3k R R AR, BI:
&o
Jmax = 7 (15)
BRI ATV 6 2 25 e 1 i R B T
WL (16) 157 .

J 2m
n_fmax_7m+1 (16)
AR A RSB R AR T R A (17) A48
m
0ln ——
f@)=—m*rl L nco a7
0ln &

Ji1 Origin 4 1 71 &5 56 HEHE S I 20 4 HE M

P R 2 T PR, e 0y 25 Bl R 2 A ] & ot sz
A BRI T IA

P9 g il 51 i PO T, e SR Ao I
FHFE R 1, IR DX I TR AR X, 1 (0 DX sk
SR 3E 3 TR NN B DX, 7 6 DR D R R
PR, X R T I T

~0.022
-1p 0.014

-3r 0.051 0.088 0.16

0.20
4 ¥ 023
027

500 520 540 560 580 600 620 640 660 680 700
imIE/C
Ko feH-E S mHum T

Fig. 9 Processing map of uranium-molybdenum alloy
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