FEMAZ L 4R LS5 42 21w

TSN TS SIFTISE

(—
1.

)4 IR 3
,:3 - 'H 5"?‘@??1#???“ *z

- EARCEER Y- FRBOEIRER S 7 - AR
2o AENTBFRRE BT ARE LR iR Y
#g,— B A BRI RR E - AP m#mf*%ff{%ﬁi °

™

RREABA LGRS L AR S AR BB AR Y S
P RE R E R T L e b )élntv,w,’&ﬁg$/§,—,’é]mi
g4 e o ﬁu;zlf%’ﬁf (F g it P2 rERE 2B
R FELRE SR B E B (TR )T
;%agu J;,a; L F R EERE AR R T o (4



HEMAZ BEER 4 ERGFL WS P 42 52w

()i Efla 2w

ﬁﬁ[%ﬂ%%l
AlE A2 s
REE 121 . s ?IEJE
\"" //////
N 122 — K SSSSSSSERSSSNSSSNRN
nEEEE f 7 13 145
/?ig?f O
oA lezad Vel
N SSASSSSLS LIRS YN
ERIEEE T ,
EFTH22 4 \
=iy 2 EREMR
|

AEEPFE IRAHREEL- 5 - W HBG IARE

VR )

ﬁiﬂ):‘llz T e
R 19 REESEE

\\ i

o L

122 — =SS \\\r\\\\

N
e EE /4?7 ] 13w
_/ %l

211 N SN

IRERE | / )

. 7] \
REEEBELL 99 o1

BITTH g 2 gEE
= 2

ALXBRJE2WEF - RWEH2 - FHFELE*TLE

2




HEMAZ BEER 4 ERGFL WS P 42 52w

REVEE
1
BRE |, .
H%IQ\H “\ ﬂ&ﬁgg ,f/
122~ ELELLZLIIZIIITITITTIZEY
iee Mh“gﬁﬁkﬁ,ééf/;&ﬂﬁ 13
oBE @R Fianl// dnnnie
EHEJj ﬂﬁ NN AN S~
ENRIEREE / — ;
23 2 \ \\\
21 B}
EE-%TE{:F %*ﬁ ’Eﬁ;ﬁhﬁ )
& 3

AL EHF IWMEIBREEZ -5 RS0 AFRG IAE

sEsE
1
piga  AORA12 RS BE
=121 1
/
2 777

HZHxH\\>\ héxxx\m\\\;\\ }\\ Eil
hﬁ@ 14 —L/T:4

ZHMJ&\\\Eww

HRISEE / / V :
\ 23 \\

22 9 mrEms
BITH EiR LIHE 2

| 4

ALEAS AWM PR o0l - WF2LE? A AW

3




FEMAZ FEZIRIMERFEHT F 42 5244

i AE R/ 1
Rz 12 B EE

DKK “a\ ?%mll

I S s
21 1 f‘ ‘ |.'I- ¢ | A:f N
— NNSSSESSS S
VRIS / ? — f
23 \ \\
22
Eﬁl_jr yir ﬁ: 2 l %%%ﬂﬁ:
2R a8 2
=1 )

AEREOMEF - RN onA v = BART LF

sapE
L AR 1
% 12 ‘—‘—ME
121 TREEEEE
FEMSEE \_ A
% 7777

122““‘*-—-—\\\\\\_}3\\\\|\\\\ R

2UMJ%\\\i3'“E & ghLN
HESIER j \
=rr 22 21
i
=l 6

AEEJFOMEF RS GNA V= BRET AR

4



HEMAZ BEER 4 ERGFL WS P 42 52w

e Bz {42 | BEVERE
121 \\ Hﬁ%ﬁ%%@
RERNEBE \_

122 1?’( y4 \//////,f’///////////
S

RS 14—~x41;,j.-:

B e A A A SN

aREEE A ” ’

/ El
22 2\1 \

BRR 2

, ff 13 iR

| 7

FESEIERE PEER EHEEEES T T RN

AERE
AE /R 1
i 12 T8 BE

]2237’//////////\{// L -

NERSBE [ 7 T —

/:.v . i} ] // /"_"].4

A T \.r\ AN \ LTI B8R

DREEE) ] \ /

EFH22 4 \

=3 BER 2

| 8

AEEJF EMEINHREEZ - F =R % 0Rle JARF




.EL-&
aHt

nERTEE

ARIBEE /

3. hegRKIE 2 ¥

MAZ ¥R 14 ERFEFF S 42 500 4

AEVEE

J:" E.% 121 12\\ 3&?&%%-@ ,/
\ ]

122 —_F

QO\
1\\
i
S
A

Al

ZHHJA\\\\\

u
REsBE 22 9
=l EilR EEELE 2
=l 9

AERIFOMEF= R - HFFELT* T LH

’

()AL B2 FE PR H

lﬁigﬁAﬁf@ EAlFERS 8 2P 5 1 G b

J:E ) ‘1 K»T%IE , _&r.—r
-—ﬁ%%%ﬁwﬁﬁ‘%ﬁw’ﬁ’%%ﬁéﬁz—ﬁﬁ%,
A G R E AR 2 - AP RS R
ok &

ﬁﬁ%i@o



fodbE o

"é%@ﬂﬁ'

) ;- Yt ES

J

TF % 42 5

B

2 e =
%IT—‘?{‘ xE

&

4?

’ 2

I

¥i2m 114 & B §

4. %gﬁ‘uﬁ I i

+#

N

=

rVA

X

N

A

B



FEMAZ L 4R LS5 42 21w

2 F SRk AR

# ¥ p 7

2018 # 3 » 16 p > YOUTUBE = 8% T k% 20°C?% 5 &
w1 | i £ B qiRlE > Benk  https://www. youtube. co
m/watch?v=R-b2pt9QoT0

2018 # 9 # 7 p »*> YOUTUBE =~ # 22 % "THow Liquid Metal

Affects Copper, Nickel, and Aluminum (CorrosionTes
t) > %u  https://www. youtube. com/watch?v=cQaqUyKV
IEE

2018 # 97 7T p 2@ f T4 "How Liquid Metal Affec
ts Copper, Nickel, and Aluminum (CorrosionTest) -
#hp 3 | #H : https://gamersnexus. net/guides/3362-how-1iqui
d-metal-affects-copper-nickel-and-aluminum-corrosio
n-test




FEMAZ FEZIRIMERFEHT F 42 5244
(—)#3¥ 1 YOUTUBE 2B &% " %" 20°C?77% 5T e | R G & B#
g iBlER
315 T EE 20027 Fteh | R &K ikl (Ra  ht
ps://www.youtube.com/watch?v=R-b2pt9QoT0)YouTube &% % » 8- %
FHPpH 201837 16F »#Ep 1 #FF p s ]“:—5‘-'%’}']‘?' B
P (109(2020)#= 4 * 27T p ) » ¥ 3215k s XL &f|72 E &I & i 2

S -
1 R 3
YouTube '—TE W;fi £ ‘JfF!lE » O ;JE"; A /Hpqé‘/% % g:’lyn iy K%l)'*‘%';f %

A2 T 8 BB P a5 35 CPU S GPU & e it e (0
1:03~01:20) > #-k # ”q,,%'-"f ERQTIEN By I 30 3 /i PR A Y A

BFEi o Z AT CPUSNGPU 2 S i e R 8 % 7R iy
EHF P R RAEVYICEE E ) TE R IR R R A

R P AtEE R R AR e AR A R EEBF €
T RV AT T REEBF TN TEOP R AL

Bed Fa (PR Re 0:4D) » (35895 L R4 81 F)

(& © =P5%& (Conformal Coating) &N PREELNRIERSH (PCB) HIFF
PRERR - BREEEIINER IR — B EHIRER - B " - BIEE - P8
ZIiE et 55 =KP “"IjJﬁE =[R2 0] DR RS A48 4% M ~ T s (B0 -
MRS ~ IR MERE » (EitE S E My I 5N ~ S Z 2t - )


https://www.youtube.com/watch?v=R-b2pt9QoT0
https://www.youtube.com/watch?v=R-b2pt9QoT0

. O

A2, #(

BIR (RIER)

~7
Sy f ;
™ ePsa
S RE TR LR
RfF20°C ? FFEN | BEZREENEN R
& e a=lED @ @

#igpl BrEH- (FFBE02:23)

o

r——jg'“v ® O, “ } ‘l.;\

b " W R e T—

B1520°C ? FEEN | BESWEIENR
& ARk Hss G Hax LT

#BH1 BEEF- (BFRE01:1T)

10



HEMAZ BEER 4 ERGFL WS P 42 52w

P O 253 HRBENVUBBEE—_RERE AR
B|E20°C ? FEFEN | BESREEHEN R
w‘f" lisafgﬂfﬁ hsss @ SHazx VTR X uars

#l BrERz (P83 02:44)

BIE20°C ? FHEED | BEZMEAEN R
KU @) b @ o LTE Kown

PExK 1053422% 201838168
#H 1 B ERe (BT R 02:06)
=572 (Conformal Coatmg)m—@ﬁﬁ INORFEERIEE RS (PCB) HURFRZR
B o BRI EISIRR AT — B EH RER

11



FEMAZFEZ2RIMERFEFRF ¥ 425 5414

> @ 238/ 525

R5820°C ? FEED ! BEZMEHEN L
i\'go m:]mf, m s @ Haw Y TR X umAR

WERM 105342 20188E3H168

Bl BYERI (FFR3E02:38)

esr=kazlioky L. S

FPR20°C ? FEEN | BEZREEBENR
BHIREEBF I ETHFR (B R 00:41)

12



FEMAZ L 4R LS5 42 21w

(=)#3% 2 YOUTUBE 2~ ® 8% "How Liquid Metal Affects Copp

er, Nickel, and Aluminum (CorrosionTest)

#¥5 2 5 "How Liquid Metal Affects Copper, Nickel, and A
luminum (CorrosionTest ) YouTube #% % (4 4t : https://www.you
tube.com/watch?v=cQaqUyKVIEE) » 8.+ # p # 2018 # 9 * 7
Po@dy 28 F p ST kB AY 5P (109020200 4 7 27
P) P aisk kAL 5472 2 &8 22 % o

1. Bep %
HP 2 LRk & HB(b4cg s @ @ % 0 Thermal Grizzly Conduc
tonaut) i & d 434F8F & £ (Galinstan) &= % ik £ B R * M4k

EALAFTobR (35 )% 2P 2 BIER F c H Y o ¥ 34RE 3
FERETEAF R P R EHEE- AT o B % byt
RE 2 R g P AAPLd Ada R - HEHFIEIED
Fo o0 B VB E K G I AR d o

REEBEFEFOETL KU LN LAEE B g
GfE A 2 RAD R AR BT e A T o (SR
2HEPNE)

13


https://www.youtube.com/watch?v=cQaqUyKVIEE
https://www.youtube.com/watch?v=cQaqUyKVIEE

HEMAZ BEER 4 ERGFL WS P 42 52w

2.%F AW

encounter it b

Aluminium. Ga

result makes the Alum

So, if you have alumi

The water in the air

result of the reaction i

reaction, it can just blow up. iquid M : d on Gallium and Indium.

Depending on wh 3 = ied. Thermal Grizzly also
adds Tin, but | know ! :

has the function of a
it a lot more suitable for the
application.”

' -Dor8a
P @ 431/1400 Aluminum > L e O Y S

How Liquid Metal Affects Copper, Nickel, and Aluminum (Corrosion Test)
—-'/47—- E;:r:erstgxusQ A o G Dz L TFEHE e
FERY : 378,307 201859878
B2 BYER- (FFR3 04:3D)
(P 2FRERIER-)

73 W/mk

10-140°C
’ ‘)) 0:31/14:00 Intro y'che Stichcode / see barcode

#y  Gamers Nexus @
_,‘7,_ i) e oA Hos G ppagE L TFE e

HENE : 378,307k 20185F977H

BH2 BLPER - (FEF R 00:31)

14



FEMAZ L 4R LS5 42 21w
FEF®EE - HEEEFIRY CPU ~ GPU FIFEkisn 24l - m] B i sl §e §5 55 [ 13
FRIECEAGRIERCE A - B S | BH A Rl gn RGPl | i B
BN RS R B A G R E -

(=)#3¥% 3_ "How Liquid Metal Affects Copper, Nickel, and
Aluminum (CorrosionTest) ; %

#¥5 3 5 "How Liquid Metal Affects Copper, Nickel, and A

luminum (CorrosionTest) |’ %kt : https://gamersnexus.net/guides

/3362-how-liquid-metal-affects-copper-nickel-and-aluminum-corrosio
n-test ** 2018 & 9 ¥ T p @i AL > F30 LA %l B
P (109C2020)& 4 7 27T p)> ¥ 215k kL EJ|2 B & & 22
-

1. JHR %

#¥p 3 = Gamers Nexus %%+~ R ¥ B 2 W R L& B
o~ B Acdr e (KRR ), M F 0 ZREFLRIFH 7 &
%l & BE#HT (b4 Thermal Grizzly Conductonaut) £ = f&
FRERBERPE DR ER £ L HL R 6
R K BT L & ERERE PR
AARACRE R T pHFRR 2e R ERREFL LG A
LAAEDRS KRS T ERPR R ARHULL Sl dr L
WG R G 0 i F RREUR L & R enEs s Fradr A

Ad o (SHEHEIETNE)

2. %7 & W

15


https://gamersnexus.net/guides/3362-how-liquid-metal-affects-copper-nickel-and-aluminum-corrosion-test
https://gamersnexus.net/guides/3362-how-liquid-metal-affects-copper-nickel-and-aluminum-corrosion-test
https://gamersnexus.net/guides/3362-how-liquid-metal-affects-copper-nickel-and-aluminum-corrosion-test

HEMAZRP 2R 1I4 ERFEFF % 42 5L)iq 2

GAMERS%“ US HOME FEATURES GAME TESTS STORE CASES COOLERS CPUS GPUS ERRORS (] I. L 4 Q

STUB

How Liquid Metal Affects
Copper, Nickel, and Aluminum
(Corrosion Test)

SEPTEMBER 7, 2018

Alongside the question of how frequently liquid metal should be replaced, one of the
most common liquid metal-related questions pertains to how safe it is to use with
different metals. This includes whether liquid metal is safe to use with bare copper,
like you'd find in a laptop, or aluminum, and also includes the staining effect of
liquid metal on nickel-plated copper (like on an IHS). This content explores the
electromechanical interactions of liquid metal with the three most common heatsink
materials, and does so using Thermal Grizzly’s Conductonaut liquid metal.
Conductonaut is among the most prevalent on the market, but other options are

made of similar compound, like Coollaboratory’s Liquid Ultra.
BHRIBE- "REEBRE - G R (FRRIGE) ) FEHR
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Der8auer said:

“Aluminium has an easy and huge solubility in Gallium, which is why Gallium
forms an alloy with the Aluminium. Aluminium is a very reactive metal in
general, but typically you don't encounter it because Aluminium also quickly
forms an oxide layer, which then protects the Aluminium. Gallium can go
through this oxide layer and then form an alloy with it, which in a result makes
the Aluminium very brittle. Aluminium also reacts heavily with water for
example. So, if you have aluminium dust with no oxide film and expose it to air
it's extremely explosive. The water in the air will give 02 atoms to the Aluminum
to form Aluminium oxide, so the result of the reaction is Hydrogen which then is
very explosive. Since it's an exothermic reaction, it can just blow up. Fun facts
aside, Liquid Metal is based on Gallium and Indium. Depending on which
manufacturer you use, there will be more added. Thermal Grizzly also adds Tin,
but | know that Coollaboratory adds even more to the alloy.

“Gallium in general also reacts with copper and leaves it pitted on the very top
layer, but the reaction is not heavy so doesn't really matter to Thermal Grizzly.
Nickel has the function of a diffusion barrier and doesn't react with the Gallium,
which makes it a lot more suitable for the application.”

As a note here, liquid metal is typically about 2/3 comprised of gallium. Reducing the

gallium quantity means a higher percentage of indium, which reduces the melting

point. Ideally, liquid metal mixtures minimize how many different elements are

added to the alloy, as the thermal conductivity worsens as a result. It’s a fine balance
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This is similar to what we saw with nickel, but much more extreme and effectively
impossible to remove, even with a lot of acetone. That’s because we’re starting to
see ion migration into the copper, with some of the liquid metal permanently plating
the copper. Gallium has a negative potential and copper has a positive potential,
which will cause the gallium to migrate and plate the copper. In terms of
performance, the copper IHS retains all of its original performance characteristics (in
our testing), and so looks a lot worse than it is in reality. This is a stain, not heavy

pitting or corrosion.
Conclusion

This isn’t news, but don’t use liquid metal with aluminum - it will embrittle the
aluminum and form an alloy with the coldplate, resulting in chalky disintegration of
the two connecting metals. For a nickel-plated IHS, liquid metal is fine. The heavier
gallium composition makes combination with nickel tenable, and is a non-issue for
corrosion and performance. Copper is also mostly OK. It will stain with
Conductonaut (heavily), but performance remains the same. We have not tested
other liquid metals with copper yet.

Editorial, Testing: Steve Burke
Video: Andrew Coleman
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