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Abstract: W-Cu composite material combines the excellent properties of W and Cu metals, has good high temperature
strength, ductility, arc sintering resistance, high temperature oxidation resistance, low expansion coefficient and other char-
acteristics, and is widely used in machining, defense industry, aerospace, electronic information, military and other fields.
Using ultrafine nano-W-Cu composite powder as raw material is one of the main ways to prepare W-Cu composite materials
with superior performance, which has attracted wide attention from scholars at home and abroad. This review mainly focuses
on the preparation methods of W-Cu ultrafine nanocomposite powders, such as mechanical alloying, chemical coprecipitati-
on, hydrothermal synthesis-coreduction, spray drying, sol-gel, freeze-drying, combustion method, etc. , and puts forward
potential research directions of this field in the future by analyzing the existing problems in the preparation of W-Cu nano-
composite powders.

Key words; nano W-Cu composite powder; W-Cu composites ; preparation method ; application fields; development trend

Materials China, 2024, 43

Wi B
E&WA:

2022-09-03 fEEIHH#I. 2023-04-25
2021 4F i) B 44 TS BOGIT H (202102210443) 5 4R
AR R 5 A R AR [ 5 b A TR AR 5 O K
475 H (HKDNM201908)
E—1EE . WHF, 4, 1998 4E4:, Wi-H#sEAE
WIEE . T 4, Lo, 1972484, #UZ, B4R,
Email: kedayuhua@ 126. com
DOI; 10.7502/j. issn. 1674-3962. 202209005

il

1 B

W-Cu A MR s A, R RERE e T T
W RIS SHMELF A Cu 35— L2 508 & ik
(g —F ARV B0 Jm bR, 2 — R A R 4, 4
BT W, CudBs AL RIERE, HA RIFH SRR
BRI N /I I a2 N T T B e A 3917 i €
s, AEARFE RS, W-Co ZEHPRERE n it



544 Hh AR

%43 %

SR WA Cu JsORHER & EE B BEAT IR 75, AT R fih Sk b1
B RLAEIN T AR A TR A5 S T o i 2 A
PR R F B pOREAE T T R AL T
BTl WA, R, AR SRR [FE
ik, HEFEGHL

R GBI A MR @7 1 1 4 19 W-Cu 525 4 REHELL
L) RSB BONEE S, HARX S ERK, SRE
IR, A RES 1 2 BUACAE & AR A T 25K
EOAZIAE, WHTEN BT T ORI RO | o
S HEEHIE TARE, AR W-Cu A8 B0k
A/, JTCRSTEELF . AR, LVE R RE
#INBCEE R ARG GEtERE RPN S
B, REVRAME ST 1L 4 ) W-Cu A5 F1RHERE LAY A
R R A SO W-Cu Gk A A AR I 1 A vk
177, EEASIGS Sk . A3 Tiie ik
KR IR I | W% TIRIE | WIS L R TR
Tl RBRIE SR, T T AR A DT A AT AE Y TR
JRE TSR 0y S R TT 1 ke, LA W-Cu 44
Kty Pt £ AR G SU ) BORBE SRS R

2 W-CuBHEESMmENEE &

il W-Cu 94K 52 G B1ORL Y O HEAE T80 4K 14 1 45
O FBed . H FE N A7 0 f & W-Cu 9K 258
AR TR 25T, IR T —E MR,

2.1 HMiWEEk

MU G A A2 —Fh A T AR, BB s 4 s B
A L BIFRI, FEREHE . 47 B sl 7w e sk HL b AT
BRI, P FH v BE BRI S BB R BORL A A 0 L TR
PGSR, S S A ROR AR W Ak, B2 s B
HERASS S B kBRI R 4 TR R AR AR, S A
TEHESESE TR Y, B’ 1 4 Fritsch 23 &l #Y Pulverisette 6
PAREAT B 2 REER S ML 25 H R i R

BUBE 4 A A b AN [ 1o 46 J OORE 22 (18] 9 45 42 1k
PRS2 Z2 07 I P R G2, AR DR 1 1) DR 3R I b R 10
. il W-Cu 5B AH WS EA W/Cu, W/Cu0,
WO,/CuO, HHEN W 3 R 5 REN R £ 2 ] 45 R
Fia . BT, EIEEEAE, Co By RIS AR
A AR R RAER TR M 2R B35 [ Ab
W% W ok R 5] FEHE N R A AL M. T. | Taegu Tec,
ERAMET, Elmet Technologies, Japan New Metals %3, il
¥y 2 ) 3 AL B A Merck, Shoei Chemical . Mitsui

.
Jo

Kinzoku, Reinste Nano Ventures, Kojundo 55
2.1.1 YA W = Cu Atk o R

LW A Cu AR JsURF ELHHUMGR AT & Loy
FC LS T8 /9 W-Cu AR A, 2% 2 07 vk T 20 f

U Rotation direction of bowl
- = Clamping lock

Seal ring L

Grinding ball

Sample Bowl holder

‘ Supporting disc
Rotation direction of disc
Bl BT R A e AR HLA R
Fig. 1 Structural diagram of single tank planetary high energy ball mill %]
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B2 HURA S AR FER R W-Co BHATES . (a)5h, (b)15h, (¢)40h, (d)60h
Fig. 2 Morphology of W-Cu powders mechanically alloyed for different time' ") . (a)5h, (b)15h, (¢) 40 h, (d) 60 h
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Pl 3 ANIEBRES ] 9 W-CuO BYAJES " : (a)1h, (b)8h, (c)20h, (d)30h
Fig. 3 Morphology of W-CuO powders after ball milling for different time'"' . (a)1 h, (b)8 h, (¢)20h, (d)30h
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4 WO,(a)Fl CuO(b) KAl FE-SEM g A (2]
Fig.4 FE-SEM images of WO;(a) and CuO (b) powder[zz]

B S IRAMARRIE AR RIS 25 800 ©C . H, AT BEAFIN W-Cu ZARARIES ™ . (a)lh, (b)10h
Fig. 5 Morphology of W-Cu composite powder obtained by H, reduction at 800 °C after mixed powder ball milling for different

time'2!, (a)1 h, (b)10 h
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Fig. 6 Schematic diagram of experimental process of chemical coprecipitation, reduction and sintering for preparing W-Cu compositesjzg]
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Fig. 7 W-coated Cu nanocomposite powder prepared by coprecipitation method 3"
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Fig. 8 TEM image and diffraction pattern of W-Cu composite powders obtained with two-step reduction'*’ ; (a) TEM image of W-Cu com-

posite powder, (b) enlarged TEM image of spot 2 in fig. 8a, (c¢) diffraction pattern of spot 1 in fig. 8a, (d) diffraction pattern of

spot 2 in fig. 8a
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F9  La,0; $52% W-25Cu B JFAMAR TEM (a) Fl HRTEM (b) #4147
Fig.9 TEM (a) and HRTEM (b) images of La, 05 doped W-25Cu reduced powder[M]

10 BZRARE R L IEE W-Cu B8 ERK SEM BH ). (2)0% La,05, (b)1.0% La,05, (¢)2.0% La,0,, (d)3.0% La,0,

Fig. 10 SEM images of W-Cu composite powders with different contents of rare earth elements'*) ; (a)without La,0;, (b)1.0% La,05,

(¢)2.0% La, 05, (d)3.0% La,0,
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Fig. 12 SEM images of W-20Cu mixed oxide powder by spray drying process (a) and reduced W-Cu composite powder (b) (st]
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Fig. 13 Preparation of W-Cu nanocomposite powder by sol-gel method >
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Fig. 14 SEM images of W-90Cu mixed oxide powder by sol-gel method (a) and reduced W-Cu composite powder (b) (s8]
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Fig. 15 Schematic diagram of powder preparation by freeze-drying
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RO W-Cu BANGK R A, TR T RTORIA R & 8 iR &k | o
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400 CIELJE 2 h, 700 CikJ5 2 h, Hl& BB ARE 10~
20 nm, BLAN, BEAEAAES LI T — R R W-Cu B
G, 17 R R Uk s BT, T AR
E[FTI W oS I R 2 | AN R R NS TR 3 VR LN TR )
25~43 nm, W ILE & N 60% ~95%, Cu JTLEK 5N
5% ~40% , MR K T —FB 2 L E 1 W-Cu
HARRGEI S, SHtES WBEREREER0.1:1,
WA Cu AR L g 1: 10 I, 4% AR 1A R 5 e /)
REFE 50~ 150 nm; 3 FoCEHS) 010, THIERRS; &
JJE [ FR £ W-Cu A BHRLEE =99. 7%

Vo UR-T Rk il W-Cu GOKRMEIFE T 28 2%, F
WK RBRER , A B A S s, B, BRI
BERIA . T8 TP AR B4 9 AH G 1 45 1T 1 R i ke
SR BIEFE Iy 1
2.7 BRERE

WRPETE MR A S m R A L, BRI 2B
TR KRN — 2 1 1A DLRREE W, B RNR A W8S
WRIERAIRPE R, TR T M . S di . Al /NURE Y 401k
YRR, BGSER R BARAURIR, W&
BT AR LI 165 Bhbesk TN ARl A . IR 45
[ 4R AL G W) 5 b RHRAT P T 2% ik
HARESE T2, AE, J0R5, HERREI, §
B R AR BRSSO A L AR R
PRGN % Cu-Mo FIl Cu ZE 94K A AW 9T, (B H.
TR IZ Tk # W-Cu MR R B 5T 40, i B 24
PRARLLR L T W-Cu 99K B A

BRI Tl A5 1) W-Cu 49 K43 (AR 4 50 ~ 300 nm,

[62]
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Acetate, Citric Acid)
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Fig. 16  Schematic diagram of the solution combustion synthesis process[@]
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ZITIEAT R W ORI Cu 25 8 5 S s 20 4 43 85 A 3 K AR
P A OB AR 29 0 300 nm, A RAK, A
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80 nm,, [RIFFABFFE T AR S0 o 4 i 2% 2 2 114 52 1
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BEL SR YELCRE R RIBTA SR BEORWTIE N, Ag BN
2% M IR BN RAR , Shanaghi 257 RGEV-AE T AL2E8E Cu
BP0 W-Cu GOKRE B BHEMTT R, JEH . 1%
PEREAYSZIN , 7 NaOH YRl 14 ¢ -L7' | N 100 C |
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Different preparation methods of W-Cu composite powder

Table 1
Preparation Cu content, Powder Particle
method w /% particle size morphology

Advantages Disadvantages Ref.

Mechanical

It is easy to introduce im-

The equipment and process purity elements, which re-

alloying 15~25 <700 nm . are simple, which is condu-  duces the conductivity and [22]
cive to industrial operation thermal  conductivity — of
the material
} rI.‘he powder has good deposii- Part of the preparation
Chemical tion  dispersion. - The ~grain process is complex, and is
20~90 <70 nm size distribution is uniform ’ [31]

coprecipitation

iy and the chemical purity

limited by the environmen-

tal pollution

is high
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P ati C tent Powd Particl
reparation 1 content, ?w eli artiete Advantages Disadvantages Ref.
method w /% particle size morphology
Nano-powders  have  fine The process has a long cy-
grains and high purity. The cle, low efficiency, and
Hydrothermal .
thod 10~70 <200 nm process has low energy con- needs to be operated in a [43]
mel
sumption and can reduce en-  pressurized reactor, which
vironmental pollution is dangerous
The prepared powder has uni-
form composition and fine .
. . . The spray equipment of
particles. It is not easy to in- thi . ial . th
is process is speci e
Spray drying 10~90 <10 pm troduce impurities in the P . P ’ [51]
. investment is large and the
preparation  process.  The Lo
. . . cost is high
preparation process 1s suit-
able for mass production
The powder prepared by this
process has small particle size ~ The process has long cycle
and good uniformity. The re-  and high cost. The prepa-
Sol-gel 10~90 <7 pm action temperature is low, the ration process is complex [58]
process is easy to control, and the mass production
and the production equipment is difficult
is simple
Th is compl
The powder has regular ¢ pI‘OC(.‘)SS 18 complex,
have.  uniform  and fine the cycle is long, the ener-
she ;
Freeze-drying 5~40 30~500 nm . pe . ’ gy consumption is large, [65]
high purity and good repeat- . _
e and there is high equip-
ability .
ment 1investment cost
The powder prepared by this  The control of shape uni-
process has good dispersion  formity of manufacturing
Combustion 10~30 50~300 nm and high purity. The process maten'alé is difficult. T}.le [56]
method has short cycle, low energy preparation process will
consumption and high effi- produce harmful gases and
clency pollute the environment
Tt is difficult to prepare ul-
It can accurately control the trafine nanoparticles and
microstructure and size of the  high copper content com-
. . powder particles. The powder  posite powders. Waste lig-
Chemical platin 10~30 — 77
platime dispersion is  good. The  uid will be produced in the (7]
process and equipment are preparation process, which
simple and the cost is low will pollute the environ-
ment
It is not suitable for pre-
Nitridin This process can limit powder
nang 10~40 <100 nm s proces pow paring composite powders [78]
denitrification agglomeration

with high copper content

fE, BA RAFA IR SERYE . FUR e s e
F AL, R R BCERE AL, T T AL T
FEIBG T, AUzsAiR, B EE . EHEa, Lo

3 & i&

W-Cu EEHEEEE T W M Cu &84 A RIE R E
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Yok W-Cu E G RN A RE, 2 il 2% M Re AR B i
W-Cu B AR FE Rz —, BRTHE PN S T &
W-Cu JRE A MR TR 2058, FFIUR T —2 ik
B, [T T I 2 BT A P A R

(1) W-Cu KA BAT KA R AU R 1, kL
TFHRFZMES KAERE, S5 mnapm R4 X,
MR SRR HAs T BE, FRARE S A R 25 5
AE. DAL, Gl $2 5 W-Cu 8 40 85 1A 1 43 HIME Rl &) 1
F4 Ja 8 V) T BRI ) —

(2) M7, oI S50 w i e KRR =, KEZH
W-Cu 4K 2 AR W o EEHIC(F Cu &<
50%), HlFMEEMELTI . SHEREZ BRG], Bt
WRIF RS Cu &8 (=50%) W-Cu 95K E &k m il 45
T AT A JE A B S T 22—

(3) HET, Z8hi4 W-Cu 49K 00 T 2 4778 5 3
K, N AR AR, HOE T S /N
A ARIE R T AR PRI A KRS 7l Ak
ok, MYIREMSRIFRERE, SR, REAN wW-
Cu K BRI &7k

(4) Mg A FIES . B HERER W-Cu 4
KA, BERSTH L AR T W-Cu & A RHERE TS
K, B RE S B m TR R E S, nIEN
A J5 W-Cu 40K E A Rl s BhrZ —
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