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Resear ch progress on preparation of fluorinated immersion coolants
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Abstract: Immersion refrigeration has become the key to the stable operation of high-performance
interactive information system (ICT) equipment. Fluorinated electronic coolant is regarded as one of the
most promising cooling media due to its excellent insulation properties, good fluidity, and strong material
compatibility. However, the current fluorinated coolant used belongs to perfluoroalkyl and polyfluoroalkyl
substances, a "permanent chemical" of great concern in the world, opportunities and challenges coexist in
the field of coolant manufacturing. In this review, the development process as well as the preparation
methods of fluorinated coolants were summarized, with the defects in dielectric constant, thermal
conductivity, and latent heat of evaporation discussed. Based on the previous coolant development
experience, preliminary regulatory strategies for new molecules and development ideas for material
engineering were proposed, hoping to provide a useful reference for the source innovation of fluorinated
immersion coolant.

Key words: data center; fluorinated coolants; immersion cooling; perfluoroalkyl substances; power usage
effectiveness

Bl o™ (DC) WAER S8 38l /7 SAWIER B RS (ICT ) R 7ER R E T
s 7% HL%’:%’%%, SRS | AR L T SEIBAT, BRI PR A I 5 2 R R,
WRAF AT e AR Bt . Bl iR R RIS, DL, B O AN R

i BE: 2024-04-07; EEHHA: 2024-05-27; DOI: 10.13550/j.jxhg.20240285

EETR: P EAIRITH (2021ZDLGY13-07 ); 1 Ewg 75 # A BRITAE A R E AR H  ( GDKIXM20220361 )

fEE® M. B Ik (1983—), B, BIHF%EH, E-mail: zhaoboll1300@126.com, BEEA: & & (1963—), B, #5545, E-mail:
lujian204@263.net,



05 B, %

IR BV AR o o - 987

g8, VIR FEER ICT e A s, PREH R A
Mo BAETOUSR RN E, AR AR m R HR
ZANN 37 Wiem®, MELLTH & AK S PERE ICT 34
(o SR (100 W/em? ) B

o [ Bl O AR FE L IR B 2500 42 kW-h,
b th 2 A 3% B, o, il RS fE
FE 5 B0 0 BRERERY 30%~50%, S REHEREE.
BRI O T R B bR o R R T L B ]
ﬁiﬁ ( PUE) %@Ti;ﬁﬁ*‘l}ﬁﬁﬁi%{&m, PUE IEIL:E\
AEFE (Ppc) S5 IT WAREFE (Prp) MUELIE, Hi,
SAEFEALEE IT AAHERE (Prr) . HIR IS HERE
( Peooting )~ FLIRIZATREFE (Ppower ) FIIAH] RGTHE
FE (Plighting ) o BT Ppower 1 Prigniing 4 7 EH /N, T
W, WD Pogoting & 1 REREFERY EH S, HE (=
7 EFEAE AR ) BOR KR AEHE 0 P B
<1.4, EGENLH Pup (EACRER S 1.52, HXJFRE
T AR EORE R, Wi, WRHoRE it
AR F B B ™), Al )4, Pus (E T REAIG
£ 117, WiRHE#ER, Pos HEETHE 1,

ARG, REFENTFEAR 90%~95%
PUE = i _ Pcooling + Ppower + Plighting + I:)IT
IT PIT

WS L EA A AR WO B %
B R TE A VR ARV ALY CPU A5 HIUH
ol F R WS, SRR v, (H i T HROE
i m e, I, A B A R AR AL SIS
BEArs BRIV R R M 2 R T
frh b, S H s PR AR i, %07 AR AR
BRIt AN 5], LA X i o R S8 i) A5 2 982X
W PR H L R R R 2RI TR A, %
WA E R, WA AR AR, A
WEH, AT 2 Ah, R ERS BA T
PRI 2]

LY B ORISR IO BT, HoRe At
PRE N BRI P e PR R 2 g A 2 5 1N
AN N7 R L T I (N T A < F TR
TV OV I A TR A e XU, AR 5K 0 4%
FHUSMAL KT, GRS ER, SECHL, Bt

SO R A £ RN AEAE S R
FEEA TR 7l SRR B . mish 2.

F)\rF EF O

EF O

CF _ ®C
F,C F ——» F
KF F F

F F

BT AT BE SR IR B Ve H R A B AR e ) 2
—U T C—F # C—H B RRE, BRI
TR A, R RS R AT R 4 S R
fR2E 45 120 5 T A B R S 2 M e A e P
(F 1) . BETEREATGRNIF LS, &
TR W & R B 2 (PFCs) , HA1R
MR 3M AR FC-72 (&® k) M
FC-770 CIR&W ) %2, T PFCs A& (4
BN, A TS ) REN B (EES
MVE (GWP) >5000) , J& T (m#EieE ) h
ZREFMARBESMZ—, HRTCHEIK, TF
K, 3M A wEEH SR EESE (HFEs ) RINSHI,
W 2-(= R IE)-3- 2 A O ke ( HFE-7500 ) |
JURUT L EE (HFE-7100 ) %8, EPAH#EH TN8A
J#% (HFP) %1k (HFPD ) #=%Z{k (HFPT) ,
SR R RE A G i AR B S i R 1
A7 i o

1 IR TR AR AP RE

Table 1 Performance of partially fluorinated coolants
FC-72 FC-770 FC-3283 HFE-7500
71 CFiu  IREY  CFuN  CoHsFi50
AHXS 53 o B 338 399 521 414
W ri/oC 56 95 128 128
fifi sii./°C -90 -127 -50 -100
FEIER /(g K)] 1.1 1.038 1.1 1.128
SHREB[W/(m-K)]  0.057  0.063 0.066 0.065
S HLH B/ kHz 1.8 1.9 1.9 6.1
LW/ 88 86 78 89
GWP >5000  >5000  >5000 100

¥ FC-3283 NAH =K.

1 MASARDENHETIE

11 S&\EZE (HFEs)
1.1.1 HFE-7500

2001 4F, TUMAPH3E T 5 #Gfi A HFE-7500,
Y AT 130 °C, R UK <-50 °C, FHE
P . ARIRYERE . HFE-7500 8974 DL 49 T Ik
. HFP FIJC/K FALER R kL, 23U Ae i A ik £k
ROiAFE] CE 1), FCE R 96.9%, 4N 88.7%.

FFFOJ

CF, Dicthyl sulfate g %Olﬁ
I

CF, Cat. FF F CF,

Pl 1 HFE-7500 Al % J7 1%
Fig. 1 Preparation method of HFE-7500
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SR A R LB R BE A B 1 B T BOW R SE R
AVEHT, ZWF5EA BT ECF PE4 i, 2005 45,
TWAYARSILL TR A 50k}, il it ECF il 45 17 49 T it
B, HUCR A 36%, 2l 96%.
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Fig. 2 Preparation method of perfluorobutanoyl fluoride
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Fig. 3 Preparation method of HFE-7100
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Fig. 4 Preparation method of HFPD
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Fig. 6 Schematic diagram of mechanism of preparation of
perfluorone by perfluoroyl fluoride and hexafluoropropylene
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Schematic diagram of mechanism of HFPT synthesis
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Fig. 7 Synthetic route of perfluorohexanone from HFPD
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Table 2 Performances of current dual phase immersion coolants

ERE ARER

Fig. 8

&Y HFE-7100 HFPD % (HTSS)

i 5/°C 61 53~61 49 55

i /°C -138 -89 108 -125
R/ 112 98 88 92

HAAESTW/(m-K)] 1.18 1.13 1.01 0.96
2 5B /(107 mY/s) 0.38 042 0.40 0.45
F 175K 71/(mN/m) 13.6 11.2 11.9 14.0
A HLH Uk Hz 7.4 1.82  2.01 1.86

HFE-7100 WJF=REABR,, H il A E R &L
ANiEHFRERBHW (£2) 5 WFLFEH, HFPD
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Fig. 9 PFAS Structure of EPA definition
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