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CTIAGROUPLTD
Tungsten Copper Heat Sinks Introduction

1. Overview of Tungsten Copper Heat Sinks

Tungsten copper heat sinks are composite materials composed of a tungsten matrix infiltrated with copper.
They combine the high strength and high melting point of tungsten with the excellent thermal
conductivity of copper. By adjusting the ratio of tungsten to copper, the coefficient of thermal expansion
(CTE) can be tailored to match materials such as ceramics, semiconductors, or metals.

2. Features of Tungsten Copper Heat Sinks

High Thermal Conductivity: Efficient heat transfer ensures stable operation of electronic devices
Excellent CTE Matching: Customizable CTE to match a wide range of packaging materials
Customizable Design: Available in various thicknesses, dimensions, plating, and surface finishes

3. Typical Applications of Tungsten Copper Heat Sinks
Heat sink substrates for laser diodes and modules

Baseplates for IGBT and power modules

Thermal management components in microwave/RF packaging
Cooling solutions in aerospace electronic systems

4. Typical Properties of Tungsten Copper Heat Sinks

Grade Tungsten Copper | Density | Thermal Thermal  Expansion
Content Content | (g/cm®) Conductivity (W/m ¢ | Coefficient (107¢/°C)
(Wt%) (Wt%) K at 25° C)

W90Cul0 | 90+£1 Balance 17.0 180-190 6.5

W85Cul5 | 85£1 Balance 16.4 190-200 7.0

W80Cu20 | 80+£1 Balance 15.6 200-210 8.3

W75Cu25 | 75+1 Balance 14.9 220-230 9.0

W50Cu50 | 501 Balance 12.2 310-340 12.5

4. Production Method of Tungsten Copper Heat Sinks

Tungsten copper heat sinks are primarily manufactured using the infiltration method, where a porous
tungsten skeleton serves as the base structure and molten copper is infiltrated at high temperatures to
form a dense composite. For high-precision applications, additional machining or surface treatment
processes may be required to ensure dimensional accuracy and surface smoothness of the thermal
interface, meeting the stringent requirements of electronic device assembly tolerances and thermal
contact performance.

5. Purchasing Information
Email: sales@chinatungsten.com; Phone: +86 592 5129595; 592 5129696
Website: www.tungsten-copper.com
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GRS RV T AT VB MY v 2 AR RAEL L B F G EKE T BN RIEFC UG L .
B AL EEEINRIE 0.7% K0 (600°C. F4&. 100 B T4 . MAKGEEE REEERC L -
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05% AT H 2720 WEL LHRENMEMRISN THE S, METLR (Nix &L, 05 EEW %
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BT RMPB O EMRE L CLER R REL ., BOEEER 77— 77 L —v 3>
P E DV REHEMUEEBLET. RE2—741>7 (Cr o E4E) 0 &0, BERIEE
B aMEatEsmo 2l L8 TE, BHEHBCEEHBC LML T ET.

3.1.3W80Cu20 D Mg & s A

PERE: WB80CU20 (%> 7 27 > 80 H &%, # 20 B & %) & . WE & B RIRE #pE 5,
B L OB EHA Ay 20BN Ry I AT viile— by vy 2 TT., vy F2 7
CEMEREES RS s By F Y A TIELFHENTO 3. BWIREE (CTE) £4Y7.0x10°
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250HV. JE4A58 4 1000~1100MPa Td 0 . RIUFZ 58 & M EEMEZ /Rl T & 7.
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15MPam”L/2 T 4. SAFHOEIE ORI & 0 BUWEREEA M EL To X . Witk s R
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3.1.4 W75Cu25 O ¥RE & A
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— 7 2A0MFPEE LS E T fo& 2L SMEREBEED Sy 7 — Y TEIREIE (89 5000)
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3.1.5 W50Cu50 D H:RE & s A
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77 2EMEAR EL . EMOFMGALES £ . WE0CU50 OEN 12 Lk . M4 RO
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AL s SO BRETE. el smY 20 fHa—74>7 (Cr H-> &8 E) B
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SAZIENE A AR T 220 EHKEIRO 7 > 7 F R~ A 2 0k T A A JELSEH &
nTtuwiEd,

316 Br 3K 7 A7 -SRI H O g i

Ry AFvEle—byy 2 0OMEIE. K> 7 27> (W) £81 (Cu) OEREBHEWC L > TR
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M. et 2 2L £ 4. LNE. MRRESR Lt ESREBR cHiGEsh, x>
J AT VRTAES 2~ 6um  HEEH 99.8%F Mz 5 ML/ L — K Td 3 W50CU50
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SIEHENEZ 2 EAVZER LML 3. CHEHM (400W/ mK ) 24 L 284 v b
COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved 8%/ TEL: 0086 592 512 9696
FRAEX R AS CTIAQCD-MA-E/P 2024 ki CTIAQCD-MA-E/P 2018-2024V

www.ctia.com.cn sales@chinatungsten.com
% 40 TU # 110 Tt



https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com

V=0 5T BT .~ R AT > (IT3WIMK D E BEER MK 20 £ 3
W50CU50 (& S ZE R 2 ¢ 1 < (280~300W/m K ). &l it /2o . w176 TS O
Bz L T & 9. WI0CUL0 i BVRER A 6 Ik < (190~200 W/ m K D, HUEELE AL
AL T E $. W6E0Cu40 (260-280 W/ m K ). W70Cu30 (250-260 W/ m K ). W75Cu25
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BWREE (CTE ) : Ry 7 A7 v EHEMEMNT 2 CTEGRIL &4 Chik. &>
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UKL (6.0x10 /KDy AU 7 AEZR (5710 ¢ /K) Wifw/icow, £7 hTL 2 bp=7 2
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~ vy Fr 7B T EXREINL £ 7.

BER. BELXy NT7— 2 OKED % (100%IACS) BEH TWHW B0, SHENEZ 3
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&&¥. —J7. WI0CU10 id i & ik < (20~25% IACS). W60Cu40 (35~45% IACS). W70Cu30
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30% IACS) & . HERFIEHCMEL., SFS &40 EREEV Y A C#HEL T ES.
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o BB X2V A7 X EgRE (900~1200MPa) TH B, K> 7 AT v EHEDH
e & & 5IsREE L BN L £ 3. WI0CU10 43k & 1 < (800~1000MPa). W50Cu50
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MR SEE AR T L & 7

o TE. x> /7 A7 I EEE (300~400 HV) Th 2. &R 7 A7 v EHEDH
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CINEPESMET L & 3.
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BZHHITT .

321 MERBEBEC L 2Ly A7V — by Y 2 08IE

7o ADPH: MAKBLSEE . @R Y 7 AT VR (599.95%., Fift 2~ 6um ) & EIH
K (>99.99%. Kiff 10~ 50um ) #EE L IHERIE (77 200~400MPa) U #24% . il (1350
~1400°C) THEEE T B & T BE LRV 7 AT vl — by > 7 2L £ . Bidhid .
DR EF C Tz WlH . KR ELEAEFFHRTTCIIbh 3. A7 oAk, LTFTO AT
y 7 TSN TV E T,
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L AEMHL T, BERAE Y — MR (JES 05~5mm) F 2 EHSRO BB 7L AL &
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HEE 25y 2OREED S o cHEE N £ 9. BT BEINT GEY. 754 2MIL 4
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CTIAGROUPLTD
Tungsten Copper Heat Sinks Introduction

1. Overview of Tungsten Copper Heat Sinks

Tungsten copper heat sinks are composite materials composed of a tungsten matrix infiltrated with copper.
They combine the high strength and high melting point of tungsten with the excellent thermal
conductivity of copper. By adjusting the ratio of tungsten to copper, the coefficient of thermal expansion
(CTE) can be tailored to match materials such as ceramics, semiconductors, or metals.

2. Features of Tungsten Copper Heat Sinks

High Thermal Conductivity: Efficient heat transfer ensures stable operation of electronic devices
Excellent CTE Matching: Customizable CTE to match a wide range of packaging materials
Customizable Design: Available in various thicknesses, dimensions, plating, and surface finishes

3. Typical Applications of Tungsten Copper Heat Sinks
Heat sink substrates for laser diodes and modules

Baseplates for IGBT and power modules

Thermal management components in microwave/RF packaging
Cooling solutions in aerospace electronic systems

4. Typical Properties of Tungsten Copper Heat Sinks

Grade Tungsten Copper | Density | Thermal Thermal  Expansion
Content Content | (g/cm®) Conductivity (W/m ¢ | Coefficient (107¢/°C)
(Wt%) (Wt%) K at 25° C)

W90Cul0 | 90+£1 Balance 17.0 180-190 6.5

W85Cul5 | 85£1 Balance 16.4 190-200 7.0

W80Cu20 | 80+£1 Balance 15.6 200-210 8.3

W75Cu25 | 75+1 Balance 14.9 220-230 9.0

W50Cu50 | 501 Balance 12.2 310-340 12.5

4. Production Method of Tungsten Copper Heat Sinks

Tungsten copper heat sinks are primarily manufactured using the infiltration method, where a porous
tungsten skeleton serves as the base structure and molten copper is infiltrated at high temperatures to
form a dense composite. For high-precision applications, additional machining or surface treatment
processes may be required to ensure dimensional accuracy and surface smoothness of the thermal
interface, meeting the stringent requirements of electronic device assembly tolerances and thermal
contact performance.

5. Purchasing Information
Email: sales@chinatungsten.com; Phone: +86 592 5129595; 592 5129696
Website: www.tungsten-copper.com
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CTIAGROUPLTD
Tungsten Copper Heat Sinks Introduction

1. Overview of Tungsten Copper Heat Sinks

Tungsten copper heat sinks are composite materials composed of a tungsten matrix infiltrated with copper.
They combine the high strength and high melting point of tungsten with the excellent thermal
conductivity of copper. By adjusting the ratio of tungsten to copper, the coefficient of thermal expansion
(CTE) can be tailored to match materials such as ceramics, semiconductors, or metals.

2. Features of Tungsten Copper Heat Sinks

High Thermal Conductivity: Efficient heat transfer ensures stable operation of electronic devices
Excellent CTE Matching: Customizable CTE to match a wide range of packaging materials
Customizable Design: Available in various thicknesses, dimensions, plating, and surface finishes

3. Typical Applications of Tungsten Copper Heat Sinks
Heat sink substrates for laser diodes and modules

Baseplates for IGBT and power modules

Thermal management components in microwave/RF packaging
Cooling solutions in aerospace electronic systems

4. Typical Properties of Tungsten Copper Heat Sinks

Grade Tungsten Copper | Density | Thermal Thermal  Expansion
Content Content | (g/cm®) Conductivity (W/m ¢ | Coefficient (107¢/°C)
(Wt%) (Wt%) K at 25° C)

W90Cul0 | 90+£1 Balance 17.0 180-190 6.5

W85Cul5 | 85£1 Balance 16.4 190-200 7.0

W80Cu20 | 80+£1 Balance 15.6 200-210 8.3

W75Cu25 | 75+1 Balance 14.9 220-230 9.0

W50Cu50 | 501 Balance 12.2 310-340 12.5

4. Production Method of Tungsten Copper Heat Sinks

Tungsten copper heat sinks are primarily manufactured using the infiltration method, where a porous
tungsten skeleton serves as the base structure and molten copper is infiltrated at high temperatures to
form a dense composite. For high-precision applications, additional machining or surface treatment
processes may be required to ensure dimensional accuracy and surface smoothness of the thermal
interface, meeting the stringent requirements of electronic device assembly tolerances and thermal
contact performance.

5. Purchasing Information
Email: sales@chinatungsten.com; Phone: +86 592 5129595; 592 5129696
Website: www.tungsten-copper.com
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CTIAGROUPLTD
Tungsten Copper Heat Sinks Introduction

1. Overview of Tungsten Copper Heat Sinks

Tungsten copper heat sinks are composite materials composed of a tungsten matrix infiltrated with copper.
They combine the high strength and high melting point of tungsten with the excellent thermal
conductivity of copper. By adjusting the ratio of tungsten to copper, the coefficient of thermal expansion
(CTE) can be tailored to match materials such as ceramics, semiconductors, or metals.

2. Features of Tungsten Copper Heat Sinks

High Thermal Conductivity: Efficient heat transfer ensures stable operation of electronic devices
Excellent CTE Matching: Customizable CTE to match a wide range of packaging materials
Customizable Design: Available in various thicknesses, dimensions, plating, and surface finishes

3. Typical Applications of Tungsten Copper Heat Sinks
Heat sink substrates for laser diodes and modules

Baseplates for IGBT and power modules

Thermal management components in microwave/RF packaging
Cooling solutions in aerospace electronic systems

4. Typical Properties of Tungsten Copper Heat Sinks

Grade Tungsten Copper | Density | Thermal Thermal  Expansion
Content Content | (g/cm®) Conductivity (W/m ¢ | Coefficient (107¢/°C)
(Wt%) (Wt%) K at 25° C)

W90Cul0 | 90+£1 Balance 17.0 180-190 6.5

W85Cul5 | 85£1 Balance 16.4 190-200 7.0

W80Cu20 | 80+£1 Balance 15.6 200-210 8.3

W75Cu25 | 75+1 Balance 14.9 220-230 9.0

W50Cu50 | 501 Balance 12.2 310-340 12.5

4. Production Method of Tungsten Copper Heat Sinks

Tungsten copper heat sinks are primarily manufactured using the infiltration method, where a porous
tungsten skeleton serves as the base structure and molten copper is infiltrated at high temperatures to
form a dense composite. For high-precision applications, additional machining or surface treatment
processes may be required to ensure dimensional accuracy and surface smoothness of the thermal
interface, meeting the stringent requirements of electronic device assembly tolerances and thermal
contact performance.

5. Purchasing Information
Email: sales@chinatungsten.com; Phone: +86 592 5129595; 592 5129696
Website: www.tungsten-copper.com

COPYRIGHT AND LEGAL LIABILITY STATEMENT

Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
FRAEX R AS CTIAQCD-MA-E/P 2024 ki CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com

% 105 71 # 110 1



https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com
mailto:sales@chinatungsten.com
http://www.tungsten-copper.com/index.html

Ay RAF e — by 2 FEE

FEEORH Bk

77V 45— 3>y

E— k> > 7 REDMAMIR D% & Ra (AL
um ) TR I . BEAPIH % KK T 21 1E Ra<
0.8um A LET 7§,

E—bry Y/ OEEEARBOHEE glm3TES
N 12 ~ 17g/em30FHicH D &> 7 A7 &
AEE e HHEmML ., AR EERCHVEL &
T

Bl & 72 TR ORI (MPa). G i3 w4
EpERVPENAEL 2TREMEN H 0 & 323,
BALF & 7213 SPSALHIC & > THIRT & £ 7.
K2 1& W50CU50. MHRIC & WI0CU10 % &\ J&
SEREEMARCE > RAY T AT > DL
ROAMIC & 0 BE L & IR S Bl fh &
nEs.

B E e/l % IACS TSN, 30 ~ 45%
IACS D HIH T . SiAH A EE M % AL L BT
WAL &7,

BZERE S, BALIE WimK . #PHE 180~250W/
mK T3,

FRFE L O XK AEFE I LR & M L Tkl %
Bl B ERE e BB oLy
A7Vt — by v o #EikeE L THEAL £ 7.
E— by 2l 2T AT VA EZREL.T
LAL THSET 22 EicsoTllEa ., k2 R
Ty XY T AT YRIFH AR (<10pm ) & 24l
fE (<05%) S Tw &7,

Ry AT > (ERle. SR &8 Gz Bt
FEEE) CHERINTE Y . HEOF S EHA A
b, BECHC THREEZAEL £ 1.

Al £ 321 —Y 3> (DFT. MD % &) ##l4
EbHT. /372> 0BMINC & 2HEZERDG
FxEFHlT 2. BT o R ERBC RS
YSS=27410 EL v e

] ®”

5GRFEY 2— L% ED
FEEET /Sy T —Y
>,

B o W e’
W80Cu20 (% J¥ 4 15.6
glem¥ sMEH S h £ 3.

i 2= 52 o O e s s
E—by 7.

6G FEHh R | A E B E A

V IN=R =

W60Cu40 i 1= A i# RF €
Ya— )L fEAIN F
£
W70Cu30 &7 — & & >
£ —® CPU % fii
IhEv.

SR © DL RIBE,

5G Jih R %0 2 3E H
EEE.

WO0Cu10 (& i = = il F
CAEH & L. W50Cu50
R AR EE S
ns.

56 LEDE— by
s ERENT 200D
MEREARF T2,

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved
FRAESXFRRA S CTIAQCD-MA-E/P 2024 bR

www.ctia.com.cn

BiE/TEL: 0086 592 512 9696
CTIAQCD-MA-E/P 2018-2024V

sales@chinatungsten.com
% 106 T1 3t 110 BT


https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com

WEEREE

AR TRIRE

A& E
7L R
DL

7
ke L
T

Ry T AT VEMORECH & 23Rt —7
4 >7 (Ni 2&) #HFEL T, AHO&E NG
aHEzEkL £ 7.

R T AT VKRG AV AEREENZE ST
mEER SN, AMpEME L EEAN EL £9.
WA & > TN T 2B REE 10 ° /K HAL
T 6~12x10 ¢ /K QOHEPIT. v 7 C@HAEL . B
WS BERL & T,

iR EE R ORI L B L RO AR
ElRZEED N EEEBL £ 7.

BRI 2060 (MKW 1 /MRS Z 21
BERAHY, w4 /08 F v 30 & o TIRBS N £
£

Ni/lCo 2—F 1 > 7% CVD BEEDBEINZL L.
Ry T ATV EHFDA v X—T7 = — R & RS
% & BT & SR MR L EiR B & O
muEtksnm bl 9.

E—by > 2. 754 AMI BHEIINT. & 7214
EDM (2 & o THNT & v 442 LR R & 1E Rk
T&E7,

EHER T 1213 . WERAIL DO ARTEZRE % 0.5% A1 12
WMZ220LERDH O &+, HIP WHEIC & 0 KILEE
RREn 7.

g E) EMEFEL CHAME £ 1o IRERE 2 TERLL |
Tif JES Btk & M TR AR % 0] B & & & 5.

FMAHPL + /A EAER 2 515 L TR
HEte B s, 2ne Al BREIEAREERG T T2
WAL .

E—h Y 2B ERA 2 — FRJEF v AV
RE L TR SN, miRC BRIt D 0 A
ez EHETE 7.

Ry T AT v RF &S DGR MR E AR & B
HstEc s 52 $ 908, 2 aild SPS 721k
3D 7Y v ML THIIT E &5

SIC& &, 01-2EE%) £iBINT 2 & . RER
(K 300W/ mK D EsgEARLEL £ 7,

COPYRIGHT AND LEGAL LIABILITY STATEMENT

Copyright© 2024 CTIA All Rights Reserved
FRAESXFRRA S CTIAQCD-MA-E/P 2024 bR

www.ctia.com.cn

% 107 71 3t 110 ;1

RTPEREE L EOR
BEEEe—br > 7.

Fia s R L
—FokE—brr7,
6GRF €Y 22—,

R DOAHME & K
G E .
W70Cu30 & & H B
DA ¥ N—R—ZfEH
LR O S
RFEHEEEO E — b

7,

EEFL —%—. iEF
HHE— > 7.

5G 5 & 1 B2 B .

B JjFE a2y R—r—,
mEFHEHe — by
7 s

6G £E— k¥ > 7 F iRl
L &4,

W70Cu30 (& 5t I 4
B (W EBEEET — AR
E) s T,

MTEFHEBEOLE —

YYD

W70Cu30+7 5 7 = > I
F—K L R—% 5G K
MWRHTeHEHI L T &
1.

BiE/TEL: 0086 592 512 9696
CTIAQCD-MA-E/P 2018-2024V

sales@chinatungsten.com


https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com

a2 §170%
%z

fel 2l NI 74y~ A7 EE— b
Y2 HHIAD Z & T RO E BRI XIS
2RO CARBEEINCHEST I EnTE &
AL

BiTes2—7 4 > 7 %L CHILS ., £ ¥ H—T
AT 2D CERTANVF—CEREINE T,
E— bty >y 2 BH AT A AT YYDy N2
HIEC & 07N 2 DIRE % Bl L Ty & 4
[F R

BB R E W E D RV T AT VMR & B L
T BEE TRl . 24 LR T 1 X %4l
ML &5,

E—bry > 2 ORBET V. BAORN. A bL R,
ZHOY TV ERA Ly IaL—Yyay, BLUH
D Tl

v 70F v A NBEE.SLM (25 > TRV T A
TUEMAKERE S LR T B L s o TEK
Il -,

Al BREIR S 4 2 b ) EREHC & 0 MR L HE
DN AN THE F,
trH—eay P77 %@L CHELADRN
% EL LAl 2 L TR E B B L &
T

INSE B NEBAENF v 2L & 0L BHIF & OBl
HFEAEML - BEIES 50% M LEL £ 3.

3D ENRIEHTIE . R > 7 A7 VAR % B L
L THEMRBEEEDY . ZIE % 05% K
L £ 4.

BT 2 2667, BAiid HB £ 7zid HV ©. #
PHiZ HB150 ~ 250 T. X > 7 A7 v & HEII
Cowne 7.

AV R—=T2—ALY =7 Y7 AR
FoTRMEN2., Ay A 7 vEm FONIH
(MPa),

MR BR L EE AR 210 EBROEE e
MO LRSS 99.5% FHEZ 2LERH Y. I
& HIP &721& SPS & - Tl LEL &9,

COPYRIGHT AND LEGAL LIABILITY STATEMENT

Copyright© 2024 CTIA All Rights Reserved
FRAESXFRRA S CTIAQCD-MA-E/P 2024 bR

www.ctia.com.cn

% 108 T1 3t 110 1

W60Cu40+PCM (& [ZEHE ]
L —HF—fifHan £
E

HEOMHME & f T
AN F—HE Y AT L
W80Cu20 (& fiii &5 5 %
6G M SN £
o

T¥ER&R. 56 £ — b

7,

MrEEFHES & U R
~v—hr7 Vv FHOLE
— b > 7%
EHREAL —F—, #HED
I

UAV Mt =& T & &
6G LS.

W60Cu40 1. 7 — & +
YR—DA VT Y V=
b ABAEH M S
ns.
HEIEH A > "— 2 H
2 3D 7Y bhahni
W70Cu30.
MrFEHEHEeE — >y >
7 e

W90Cu10 (& . EDM Ak
BLUVERAS Y — b
CERSh T,
ERGMHE — >
zr

RTHAREEDO £ — b

7,

BiE/TEL: 0086 592 512 9696
CTIAQCD-MA-E/P 2018-2024V

sales@chinatungsten.com


https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com

SEHR:

[1] Callister, WD, & Rethwisch, DG (2020). # k[l & T AP CGE10R0 . A—R—7 >, =
2— Y ¥ — Y —: Wiley.

[21 ASM 1 > X—F > 3+ )L (1990). ASM /> K7y 7 2% Fpikeste: EREGE6 &
UHEREMEL, =7 U 7V X8 —2, AL A MASM A > R—F > 3 F )b,

[3] Chemetal USA. (2018). X > 7 A 7 >4 | EDM &Mk, £ — > > 7 | W Cu DR & Hik.
7 =4 v #Y 7+ )L=7: Chemetal USA.

[4] Chemetal USA. (2021). &> 7 A7 v #l& &Y 77 » BOMAEIGE L 8:E. 7—1A >0 #
U 7 % b= 7 M: Chemetal USA.

[5] ScienceDirect. (2008). Xy ¥ —y > b —h Y 7 HBRT R YT A7 v-HiEE~ N v
7 AEEMEL T AAT VK LT LEE T,

[6] ScienceDirect. (2019). #i#i# 7 L VW FIEERTIC & 2 %> 7 A7 VA E > — ~ OIEHRL
T LAATIVE L TVEET.

SiIC K7 DEBRINC & 2 2> 7 27 v -FIEEME O MANRG & RO, 7 427 0K
YA Sy VR Al <l

[8] ScienceDirect. (2020). 7 €7 7 A Fe-W &z & 2 X7 A7 >, W-CuGaes & O
SHOHE. TLAAT VR L T E T,

[9] ScienceDirect. (2021). &> 7 A7 i~ ~ Y v 7 ANOHFFRETCHGE S L2 W-Cu &
EMELOBERE, 7 AR F VK L TLEE T,

[10] F—YV—Eb VX727 /vy —2X (2023). K> 7 A7 4] WCUCuW t—+hrv > 2. #
7 =7 M4 > 7 1+ =3 Torrey Hills Technologies.

[11] ASTM International. (2019). ASTM E8/E8M-21: 4:J&@ i1kl D 5| REtER D 72 8 D HEYE AL g 7 Vs,
vz AbMavyary sy, XAz 7 M:ASTM International.

[12] ASTM International. (2018). ASTM E9-19: =i T O & @k} O [T 4k 5t D AR G B ik, X
VIWRZTM 7 2 A N3 vy a3k y 7> ASTM International.

[13] ASTM International. (2016). ASTM E290-14: FEM: % 3~ 2 72 5 O ML O i 1 5l O A HE R
Bk XNy vy R=F7 M7z A NI >y 3dk vy 7> ASTM International.

[14] ASTM International. (2018). ASTM E92-17: &J@MEO L v #— RS 8 L X —7 & D
TR 7k, Ny W R=ZF7 I 2 A b a3k v 7> ASTM International.

[15] ASTM International. (2019). ASTM E10-18: &JEMELD 7"V x Vil & DEEMER G Tk, K>
PIWR=ZTIH T 2 A a>vyaky 7> ASTM International.

[16] ASTM International. (2020). ASTM E399-20: 4 J& 4 K} D 4R 3PP T O 37 & A8 14 Kle ©
TR 7k, Ny W R=ZF7 I 2 A b a3k v 7> ASTM International.

[17] ASTM International. (2019). ASTM E23-18: &JEMELD / v F{F & ety B 5Bk O A2 1 5l i 7
e Ry v R=7M7 A baryaky s> ASTM International.

[18] ASTM International. (2019). ASTM E831-19: #&ik 4T ( & 2 [EAM Rl D 4R B IR O HE e
SRE T XYY UR=ZFI 2 A b3y sk y 7> ASTM International.

[19] ASTM International. (2019). ASTM E1461-13: 7 5 v o 23EWC & 2 BILECE O HEYEE B 7 2.
Ny WR=7HM7 A Ma>raky 7> ASTM International.

[20] HEEE Y 77 > 14 (IMOA). (2024). €V 7 7 > HiIGHEHE, o> K> : IMOA.

[21] Market Research Intellect. (2025). €Y 7' 7 > & &MGO M. + = 7. @i 2024-
2033. =2 —7—7. = 2—¥ v — ¥ —: Market Research Intellect.

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
FRAEX R AS CTIAQCD-MA-E/P 2024 ki CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com

% 109 T1 # 110 T



https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com

[22] MarkNtel Advisors. (2024). €Y 77 > iGHi. >~ = 7. lE#)mH . 2025-2030 4F. / 1 X
MarkNtel Advisors.

[23] C- Therm Technologies Ltd. (2022). & Fi#s DA HIC B 1) 2 BnE%

[24] Electronics Cooling Magazine. (2020). & 1% F 08 FEA Rl O i 25

[25] Wikipedia (2010). #i-% > 7 25 > .

[26] £ > 7 AF7 84 v be BT AT yHlE—b > 7,

[27] ScienceDirect. AL — ~ > ZHIED W-Cu &Jd~ NV v 7 24 &R O SR 1) 2%
H: Cu B AEDRE,

[28] Grand View Research. (2023). € ) 7' 7 > Wilg#ifE. >~ = 7. e A — b 2023-2030.
#Y 7+ v=7 ¥ > 75> A3 Grand View Research.

[29] Future Market Insights. (2025). €Y 7' 7 > iRk & & i@ L 2025-2035 4F, =2 —3
— 7 : Future Market Insights.

CTIAGROUPLTD #> 7 A7 vt — vy > 7

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
FRAEX R AS CTIAQCD-MA-E/P 2024 ki CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com
% 110 T1 4 110 W



https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com

