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Resear ch progress of immersion coolant for data centers

ZHANG Chengping, GUO Qin, JIA Xiaoqing, QUAN Hengdao"
( School of Chemistry and Chemical Engineering, Beijing Institute of Technology, Beijing 100081, China )

Abstract: Liquid cooling technology is an effective solution to the heat dissipation problems of data
centers. In particular, immersion liquid cooling is considered to be the most ideal and environmentally-
friendly among the three liquid cooling methods. Herein, the status quo of immersion coolant, the core
of immersion liquid cooling technology, were summarized with an introduction to the technical
indicators of ideal immersion coolant, as well as classification, and physio-chemical properties of
current immersion coolant. All factors of insulation, heat transfer performance, thermal stability, safety
and others considered, perfluoroolefin was regarded to be the most ideal immersion coolant at present.
In view of the current achievements and existing problems, future research should focus on scientific
molecular design of immersion coolants, establishment of efficient and comprehensive screening
mechanisms, and development of green synthetic process.
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Table 3 Comparison of physicochemical properties among hydrofluoroethers
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AN T T N [ F,C %CFa
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#5717k /kPa 65 27 16 5.9 2.1 <0.1
LA /[3/(gK)] 1.30 1.18 1.22 1.14 1.13 1.04
BEHEE (25 °C)/(10°° m*/s) 0.32 0.38 0.41 0.71 0.77 2.52
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Table 5 Physicochemical properties of hydrofluoroolefins
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Fig. 1 Hydrofluoroolefins containing N or/and O atoms
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Table 6 Physicochemical properties of vinylidene-containing

hydrofluoroolefinst'*
&P aith X hA/C AR (1 kHz)
F F H
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Fiﬁ\z 7 20.00
F

R F
X_ X 33 16.60
F = F

222 Riofe S AEE

T 44 Opteon SF-10 AY 3B il /02 1 A L2 9
BER R IRy SR A, HobERE R AR L 71T R
NG RE, IFoE R, TAEIREEEH h-85~105 °C,
ESEA LR ECR 5.48, (RBIRLFHZN 110" Q-cm),
T H B rERE R 2 .

RUNA B HEE g5AmE= (1) A (1)
LA 2, HACERAIL S Y v REF A I3 8801, ik
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Table 7 Physicochemical properties of Opteon SF-10!7)
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i &/°C <-90
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Fig. 2 Hydrofluoroethers with cyclic skeleton
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Table 8 Physicochemical properties of hydrofluoroethers
with cyclic skeleton! %19
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. . 164~166 1.2010 103
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F F
F F 182~184 1.2267 460
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H H
F. F
F F
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F F
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F F 161~163 1.1182 362
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F E -
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oS (FIk 270 °C); (3) HEH Ay Lo
FVAFU L P24 5 (4) S rfbAtEtE; (5) 5
S8 . AR R A A A (6) TN EK
PR, TCABR; (7) &4, H, milkb2mE
Bk A ST B 170~270 °C, W4 ALK A 78 K
0] T AR R AU R B B 28 R R A
VNI U % N

ot TR RSNl QU I L ey SR EOR
A, [HH GWP {H > 5000, J& TRz $U Y5,
AFFA LRI AR
24 EZFABFMULEY

REEFE . 25k, 2REMEeFLEY
B HLEEARAG, M ARTEARZ I L, 7l 2 AR
WA A ESR . B ERMEEYR GWP (H—f%
>5000, HAAMREERN . Hit, FELFASYH5I
A C=C Z5Hga IR gy, oo s teRem £ 2
KM
2.4.1 A RHZ

7NN M R AR £ 5 (E)-1,1,1,2,3,4,5,5,5-
U -4-(Z /U ) -2- 0% (1) (2-1,1,1,2,3,4,5,5,5-
U A-(=HHIE)-2- 3T 1,1,1,3,4,4,5,5,5-U92-(= 51
F3E)-2- /s () (DL 3), HerkRg L 11100,

H % 11 AT, SN IE AR B S E
WSARAL, SRR, #IAae IR, ArHE AL
BAL, R, ARG W EAZERE, W
ESPOREE, P ERE R L. AL, 7E% A BE
B NG R IARAE 100 °CiELEZ1T 1000 h,
BT A AR EOR 31077 AT T, TSR
P R & LR AR AR RIS NI
TREEA R RFENE . Hik, ASEEG R
A TR A FREL ) AR I B 2R R
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Table 9 Comparison of physicochemical properties among perfluoroamines and perfluorocarbons

PERESHL FC-40 FC-43 FC-3283 FC-70 FC-72 FC-3284

F. F R F F R
F R N r e
F FR F ¥ F R ¥
P ¥ F _T_ F CcP
N F——F F
F FOOM g F F ¥ F B
N. F—I—I—I»
F
F
F
F

gt o KA T §§ WFI
e A s
F

B a5/°C 165 174 128 215 56 50
fii i/ °C -57 -50 —65 -25 90 -73
ZE7RJE /Pa 287 192 1.44 x 10° 15 3.09%x10*  3.57x10*
R/ g) 69 70 78 69 88 105

BENEEE/(107° m¥/s) 22 2.5 0.75 12 0.38 0.42
AR LA /[0/(gK)] 1.1 1.1 1.1 1.1 1.1 1.1
WAR FHE/[W/(m-K)] 0.065 0.065 0.066 0.070 0.057 0.062
1A 5K J1/(mN/m) 16 16 14.6 18 10 13
[N s5./°C X J x X b b
A F (1 kHz) 1.90 1.90 1.90 1.98 1.75 1.86

A HLUBR 8 /K V/(2.54 mm gap) 46 42 43 40 38 40
MAA L B %/(Q- cm) 4x10" 3.4x10" 1x10" 2.3x10" 1x10" 7x10"
ODP i 0 0 0 0 0 0
GWP {H > 5000 > 5000 > 5000 > 5000 > 5000 > 5000
Hik B R B AR XU ¥ B 2R H T

0 BUERIET22E 3M A R W& & FC-40. FC-43, FC-3283., FC-70 . FC-72. FC-3284 it H]+,

® 10 AEFEREAY L IERE

Table 10 Physicochemical properties of perfluoropolyethers

k& HTS55 HT70 HTS80 HT110 HTI135 HT170 HT200  HT230  HT270
SRR 3T i 340 410 430 580 610 760 870 1020 1550
W i/°C 55 70 80 110 135 170 200 230 270
1A s53./°C <125 <110 -110 -100 -100 -97 -85 77 —66
BN EEE/(107° m?/s) 0.45 0.50 0.57 0.77 1.00 1.80 2.40 4.40 14.00
FKIRE/Pa 29997.45 18798.40  13998.81  2266.47 773.27 106.66 26.66 4.00 <1.33
LA /(2 K)] 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
FERIERIA/g) 92.09 71.16 71.16 71.16 66.97 66.97 62.79 62.79 62.79
FE 5K F1/(mN/m) 14 14 16 16 17 18 19 19 20
AR S IE/[W/(m-K)] 0.065 0.065 0.065 0.065 0.065 0.065 0.065 0.065 0.065
fl\EEﬁTE/kV(Z.M mm gap) 40 40 40 40 40 40 40 40 40
AL H 80(1 kHz) 1.86 1.86 1.89 1.92 1.92 1.94 1.94 1.94 1.94
1ZIS$REEEH$/(Q-cm) 1x10" 1x10" 1.5x10" 1.5x10"%  1.5x10"°  1.5x10"°  6x10" 6x10"%  6x10"°
FEBLN%L(1 kHz) 2x107 2x107* 2x107* 2x107* 2x107* 2x107* 2x107* 2x10*  2x107*
GWP {H > 5000 > 5000 > 5000 > 5000 > 5000 > 5000 > 5000 > 5000 > 5000

e BRI E T LRI B 2R 484 B 9 251 72 5 Galden® HT PFPE Heat Transfer Fluids FIUABE 45 & T 78 & S5 29845,
fl bk RETE bR 7E 25 °C R,

7NN M = BAR F AL (B)-1,1,1,2,3,5,5.6,  BERE(ID). 1,1,1,4,5,5,5-E5-3-(2FLFE)-2,4- (=5
6,7,7,7- 1 5 -2.4- W (=GP H)-3- Bk (1) . 3E)-2-B8 () 1,1,1,2,4,5,5,5-/\95-3-( 4 9L -2-
(2D)-1,1,1,2, 3.55,6,6,7,7,7-F -2, 43U =FHF HE)-3-  Fo)-4-(ERP ) -2-8 (V)R Sk (- 4), H
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Isomers of hexafluoropropylene dimer

B URPAY WiSP e JUNIUE7/E A c A

Table 11 Comparison of physicochemical properties of
hexafluoropropylene dimer ]

&Y HFP &k
Bk R/ °C 45.5-49.5
i R5/°C -89.3
ZRRWRI/g) 98.0
WIS HAFE B0 °C)/[W/(m-K)] 0.065
A (25 °C)/[I/(gK)] 1.13
B0 °C)/(107° m¥/s) 0.42
1B BB (=30°C)/(10°° m¥/s) 0.78
Fi K J1(25 °C)/(mN/m) 112
A HLE (1 kHz) 1.82
{RF L B %/(Q- om) 2.7x10"
A HFEBH (1 kHz) 2.0x107°
FHEREQRO °C)kV 70

[E: HFP ANRNMEHIAE . TR,

Pl 4 P = RIRIY R 53 5 h 4

Fig. 4

Isomers of hexafluoropropylene trimer

HIZR 12 AR, 7SS — SRR AT LR A e
TR, B S S R FR LB AR, A S A
L, mHHE GWP {HEAM, IFEIERERILsR, He
PEAR/N, AN B S A0z S B BE AR, SR W R 3
PERLF. P, ST = SR R B8 2
LR FH RS

F12 NENE = RIEN Y Rl

Table 12 Physicochemical properties of hexafluoropropylene
[17]

trimer
wan HFP %E—éﬁi I HFP S 1N
(REME=98%) IRAFHE

W /°C 108 112
fifi i./°C -109 -100
LR B (1 kHz) 2.04 1.97
Z:EEOEE;F{‘/I(V(ZSA‘ mm gap, 40 40
BENFEREQRS °C)/(10°° m¥/s) 0.6 1.0
AL /(Q-cm) 1x 10" 1x10"
GWP & 420 ANH
LCso (KEA 4 h)/ppmv >10000 AN

] PN ER SR BB A R AT IR Rl T &
Sl LI (ILEE ), HrERedabr sk 1311, 5
PRI ZRIRCDHM L, 2HIEIETE 20 CT I
WAEE R, HH GWP [HARMR. N, a3k
HAT R A B 16 P 8 0 B A PR PR PR BE

F
— F

(CFZ)n

R/ R,

RFFE?%ﬁ%?E s Rzzéﬁﬁg s
ﬂéﬁﬁ%%‘cxl:‘wl s xi& B IRE ’
n=1. 283

K5 Ryl emme

Fig. 5 Series of perfluorocyclic olefins

ERAERE A BE R <2.0, £FE <19, [
NI T RARCT)IEAR, AT SR F R A
B IRREREP A S B ERAGS T
P, TEA RS R PR R 5.

SRR BB Y > 20 °C, i 3 IR B AR
JE 50 S B LB K mT (L s K 240> 100 °C,
B >300 CM, 55 =R (—ah 5
108 °C) HHEL, Hp B RE LB, TR XS]
FHATAE AN [ A U A

] P ) SR TR A R R A B A R AR
575 S R RO, AR AR AR Tl T —
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R SEAZ B SN, RS R S5 R 3RS S AR
N ZBAK . N =K . TN YR
1,3,3,4,4,5,5-E3-2-(4 FN-2-58) ) -1-44 .3,3,4,4.5,5-

FNIR-1,2-RU( TN -2-F) IR Ne- 107, $ BEORTRIZH A H
RS TR IR A, HAE Rl 47.2~158.6 °C,
AL R < 2T

H 13RI 5P R AR B PR )

Table 13 Comparison of physicochemical properties between perfluorocyclic olefin and hexafluoropropylene trimer

[11]

F. e F NeE F - ‘ F F. ) . F
s F>Q<F §>Q<£ F F F F ( )ﬁg];\;fi?g ;} )
F CF; FC CF3 F CF(CFs). (FsC).FC CF(CFs)
W s5./°C 45~48 64 83~84 126~128 108
e/ [I/(2-K)] 1.0235 1.0229 0.9969 0.9855 0.9409
AL % (1 kHz) 1.86 1.86 1.89 1.80 2.04
GWP {i 54 54 53 62 420

ERmEEA BRGNS . LR
M, HREESEHE AMEMERNERE, ERIASE ]
POk A, L GWP AR, Heak, @idsl A
Wy, LAk — PRk GWP i, = <150,
FEGEIREMIRE, BAEEMNE, 2GR
A S e AT 7 v AR A R A ] T e i N
TN AR . SRR S LA i e A
H AT ENR Z Al B HE B HAE R IR R4
B R
242 AR AR

ERMMENZE L2 FNCNBARL, 5] A C=C M
BEY . hTAES T4 P AT C=C XU,
A5 12 2 5 Ay AN B 114 4 e A6 A B b it 2 ) [

PIER nT R A, SR, BA RSN
SIFAT AR PR AR R TE J15 R LA ARG,
He 12 L ZS B Novee 7500 BE o, 6 B H L33
PERE T 4>,

2,2,3,3,4,4,5,5- )\ F-1-(Z . BR O 1 3L ) I I o
2,2,3,3,4,4,5,5- J\ 5 -1-( 4 FUFR I M 56 ) ik v ot
2,2,3,3,5,5,6,6-/\ F-4- (L FIA IR FE) gk 3 FhER AR
Yy B S 4y B o 34 . 33 FI—49 °C ., H,
2,2,3,3,4,4,5,5-/\ 5 1-(A T30 O 15 58I IS e i) GWP
HHR 416, m/NTF—RALF2HEMEY GWP {H ( >
5000 ), AHLFECE 1.98 (LR 14) PO Pk, 2
S5 SR I R SR A H A L A 4 TRt R P 1 7%
TETRZ—,

F 14 RHURIENL M IEA M RER

Table 14 Basic properties of perfluoroalkenyl amines

[30]

2,2,3,3,4,4,5,5-/\fi-1-
(a7

2,2,3,3,4,4,5,5- )\ §fi-1- 2,2,3,3,5,5,6,6-/\ 9 -4-

(A= FFR O 0 5 Mt gt (4 TR 0005 i M (A JCBR TR 35 )P
F FF
FE p K F . F P E b .
. F F F
et iRy F N F N F
F F ¢ F F)wLF

Fg Fopp T FFF F F F

ODP fH 0 0 0

GWP & 416 PN S B

i #5,/°C(98.7 kPa) 139 114 129

i a5 /°C 34 -33 -49

S HL (1 kHz) 1.98 L L

SRS — e H I ERARIR, RE
HAEAAEHT , 2R R 5 2 98U e e A SR A%
B pi 5] (& 6) PO,

I R AFAE A U X LU T 3 W S A5 3]
HMELLG B, R, 4 50 S AR i ek
Y HIR A IO FH A2 B HE DAL AR PR A BR
243 A RMAR

W R—OCF=CFCF; ( Ry N2 LidE ) 1)

SRUESEEE, gk 1sPY. mE 15 WA,
1,2,3,3,3- FL9R-1-(Z RN AL N - 104 1,2,3,3,3-H
B-1-[1,1,2,2,3,3-75 F8-3-( = F F 4038 N AR 32 TN -1 -
s LS ARG, AR ZE-140 °CAEA, sah R
AN, RPAHATR RN ERL; HABRERS, K
T40kV (2.54 mm gap ), /rHUEEIARME, ¥ 2.04, £
W HA R Hoh 1,2,3,3,3-F090-1-[1,1,2,2,3,3-75
-3 A AR - 151 GWP (AT E
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0.32, FEHIFBIVERE R 45, BLAh, 7E [R50 &
BT, 5 FC-72 ML, 1,2,3,3,3-FL8-1-[1,1,2,
2,3,3-75 9R-3-( AR AU TS AU TN - 10 T L
RO P RAPLEIEREE . Ht, EiRM
L TRIRFETA T T JE DR BRI AR AR

F F
(CF)—F (CF)—F
CsF/%7
R Rl\(l://N\ R; _— /F
F R, N‘C\_ R,
| R,

n=283, LFATIER (R,)C=NR;H EFI\? j[\cF)j ;
N

K6 AU Bk 2%
Fig. 6 Synthetic route of perfluoroalkenyl amine
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Table 15 Physicochemical properties of perfluoroalkenyl
ether®!

F F

F F

E F F . F
F W v Op{-0 .
F F F FX
roF F F %
F
59 91

il 45.(98.7 kPa)/°C

IR R /Pa 32400.00(31.2 °C)  6600.00(24.1 °C)
Hi 5./°C —145 ~140

A HLH 41 kHz) 2.04 2.04

9 i /kV

SraiRE 417 ~60

(2.54 mm gap, 25 °C)

% BB (20

LJ@EEZ(Z 0.58 100
°C)/(10°° m%/s)

GWP fH N 0.32

AP SR A A SRR . AR BRI
St IRBEPERBULBR AR A, (RO L S A8 R R
A g, BET, 2% mEE R—
OCF=CFCF; i# il Jii#l R;—OCF,CF—=CFCF; ( Ry
HEFREHE, b R D ——CF,—%H) Sk
A E] UL 7)), AHJGRRXE LLSE i 17 47 B 42 0 3K 5l
fAT BB A . TR, 4 U0 JE IR A iR e v
FNYREY I FH 32 B XE DAL Ak A 7= A BRI

K F
F E F F
R SbF; Foor oG
27 5 F o
F FF ¢
FOF F F
iF F AICL F F
A o 0
F Q F F
" WF BB )g( X
F F F F
F r

F
F
B 7 A S 05
Fig. 7 Synthetic route of perfluoroalkenyl ether
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