$54% 512 ] #AHAE Vol54  No.12
2025 4 12 J] THERMAL POWER GENERATION Dec. 2025

DOI:10.19666/j.rifd.202503039
% o 85 4 ok B 2 AL KA LA
Toik 5 BT

T L mEMEYL, BA#? BikE? REE?Y EE#MT
BmEL e, a4l KEFHL X K2
(Lo TH R A RN G, d  H2  710054;
2N B AR RN, R 4R 727100)

i BB B UK AR N AR AL R RRE TR, MIARMEFIEHRE EXTEZNER.
BAr, BA R I AIHIAR 2 SR SRR BS buR Akt & = 5 BiF, ATk T km B
IR B O FUR & By @, E TR AR BR B S ok B 2 LA B B A, sl xR R A £ 2
=X AR BS R ITN oA, ARERTE 2R G R =- (ZFEARKL) BB As; K
R AR T ENE = (ZFARL) BB iT L, SERAT=- (=7 L
FA) BB BsAL R AE, Tt S AR AR BR B AU b A ek 8 aE B AR R BT, R
af) BB K, FEHR (B AARES R HET 4 S 0) (DUT571—2014)  #7ih
F KG9 = PR AR ER BE FUR i B F R # S A SR E BT A B, B F BRER R A
BRib AL R T E Rk B A BRRES R AE K AE TR 1 FHT LR A
R, R R TR K, KBk RGBT ET .

[X # 8] = AsmEs; A, Fef, 5480, Bk, TLy A

[(SIAAXER] 248, S &M, Mk, F. SABREEAMKYE SRR AL BFE[I]. #74 K%,2025,54(12): 142-
149.  WANG Juan, GAO Zhanyang, YANG Damao, et al. Research and development and industrial application demonstration of
the localization technology of phosphate ester fire-resistant fluids[J]. Thermal Power Generation, 2025, 54(12): 142-149.

Research and development and industrial application demonstration of
the localization technology of phosphate ester fire-resistant fluids

WANG Juan!, GAO Zhanyang', YANG Damao?, LIANG Yongji?, LONG Guojun®, WANG Xiaowei®,
FENG Liping!, XIE Jialin, LIU Zhao®, ZHANG Jinwei*, WEN Le?

(1.Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, China;
2.Huaneng Tongchuan Zhaojin Coal Power Co., Ltd., Tongchuan 727100, China)

Abstract: Phosphate ester fire-resistant fluids, serving as hydraulic working medium for the speed regulation
system of steam turbines, play a crucial role in the normal operation of steam turbines. Currently, imported products
dominate the phosphate ester fire-resistant fluids market for the speed regulation system of steam turbines in
domestic power generation units. To break the power industry’s high dependence on imported fire-resistant fluids,
it is imperative to develop domestic phosphate ester fire-resistant fluids through independent research and
application. Through performance evaluation of various domestic tri-aryl phosphate esters, tri-(dimethylphenyl)
phosphate was identified as the optimal choice for domestic fire-resistant fluid development. Via oxidation and
adsorption refining processes, the stability of the domestic tri-(dimethylphenyl) phosphate was significantly
enhanced, resulting in the successful development of high-performance phosphate ester fire-resistant base oil. After
the research on various additives, an optimized additive formulation was established, ultimately producing high-
performance phosphate ester fire-resistant fluid that meets the new fluid requirements specified in Guide for
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Operation and Maintenance of Phosphate Ester Fire-resistant Fluid Used in Power Plant (DL/T 571—2014). Static
and dynamic simulated aging tests demonstrated that the domestic phosphate ester fire-resistant fluid exhibits
superior anti-aging performance compared to the commercially available alternatives. Following one year of
industrial demonstration in power generation units, the fluid maintained new-oil quality standards throughout the
application period, with the turbine governing system operating normally.
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ZREMEMEA 2 AR PRI B ] B g . o, Tt 10 2%, AL Etti 048 mgKOH/g [4%
HLPHR H 2.2X10%° Q-cm #2723 3.3 X 10 Q-cm, 0.20 mgKOH/g, Aty ee Y pe i 287t
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Tab.1 Test results of triaryl phosphate esters

SE I H DL/T 571 fii =455 TXP IPPP DBPP
S FEH], AR ECRIEY)
B Totaskik i R Tta T
B (20 C) /(kgm3) 1130~1170 1134 1125 1124
ZHNEEE (40 °C) /(mm?st) 41.40~50.60 48.29 45.26 44.35
Wi i/ C <-18 24 -23 -23
W GFED 1T =240 265 247 255
HEC =530 563 495 535
7K431(mg L) <600 255 232 245
& 1t/(mgKOH g ) <0.050 0.035 0.048 0.056
AU R B/ (mg kg Y) <50 24 20 22
240 C <50/0 10/0 30/0 20/0
WA REE/(ML mLY) 935 C <10/0 0/0 10/0 10/0
JG 24.0 C <50/0 10/0 0/0 0/0
HPHZE (20 'C) /(Q-cm) >1.0X10% 2.2X10%0 2.0X10%0 1.5X 1010
S REE (50 'C) /min <6.0 0.6 6.5 7.4
K iR % 2 P/ (mgKOH g7%) <0.50 0.10 1.27 0.33
J%18/(mgKOH g ) <150 0.48 1.13 0.95
At etk R AR fk/mg <10 -0.2 +0.4 +0.2
i i AR Img <20 -1.2 -0.7 +0.2
MRV YL (SAE AS4059F) /4% <6 8 9 8

& 2 ERbmAEE R

Tab.2 Test results of base oil

SEEIRH DL/T 571 Jii & Hahs TXP FERth
S HEH, TR SR EY
B, Tetaskik T Tt
SR (20 'C) /(kg m3) 1130~1170 1134 1134
BHNEE (40 °C) /(mm?st) 41.40~50.60 48.29 48.32
i &/C <-18 24 —24
WA GFID 1T =240 265 269
SR I=TAS =530 563 565
7KZr(mg L) <600 255 192
F/(mgKOH g1 <0.050 0.035 0.009
SR $ (mg kg ) <50 24 14
240 C <50/0 10/0 0/0
WA E/(mL mLY) 935 C <10/0 0/0 0/0
J524.0 C <50/0 10/0 0/0
HFHZ (20 °C) /(Q-cm) >1.0X10% 2.2X10% 3.3x101
ZSREIRE (50 °C) /min <6.0 0.6 0.4
K2z 5E PEI(mgKOH g) <0.50 0.10 0.02
2 1/(mgKOH g1 <150 0.48 0.20
Az sE 91 R AR 6/mg <10 -0.2 +0.2
i LR AR k/mg <20 -1.2 0
WKL Y% (SAE AS4059F) /4 <6 8 5
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Fig.1 Comparison of acid values between TXP and base oil
during aging
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Tab.3 Test results of domestic phosphate ester fire-resistant oil

SZIS T DL/T 571 Jii =45z AN
SR FEW, LAY
B, Tetaskik i Tt
I (20 C) I(kg m3) 1130.0~1170.0 1134.0
BENEE (40 °C) /(mm?Zst) 41.40~50.60 48.48
i &/C <-18 24
N FED 1T =240 270
ERI=TAS =530 563
7K3(mg L) <600 212
R 1E/(mgKOH g1) <0.050 0.013
SR RS H(mg kg ) <50 13
240 C <50/0 0/0
WFRFE/(mL mL ) 935 C <10/0 0/0
J5 240 C <50/0 0/0
HFH%E (20 C) /(Q €m) >1.0X10%0 5.6 X101
S REHE (50 'C) /min <6.0 0.6
TR AR 2 5E PEI(MgKOH g7h) <0.50 0.02
R 1E/(mgKOH g1) <150 0.12
Az se B B AE A mg <1.0 0
i = AE A img <20 0
WKL YLE (SAE AS4059F) /4 <6 1
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Fig.2 The acid values of domestic and two commercial
available fire-resistant fuels (No.1 and No.2) during aging
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Fig.3 Design diagram of dynamic simulation test bench
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Fig.4 Comparison of acid value of domestic and commercial
available fire-resistant fuels during dynamic simulation test
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Tab.4 Foam characteristics and air release values of domestic fire-resistant fuel during dynamic simulation test

gE] B 3K 59 K 90 K %120 K
2SR (50 'C) /min 0.4 0.9 0.7 0.8 0.7
240 C 10/0 20/0 25/0 20/0 20/0
WA REME/(ML mLY) 935 C 0/0 10/0 0/0 10/0 0/0
5240 C 10/0 25/0 25/0 20/0 20/0
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B 4 a7 5n, B AL SCIe k1T, B
PR 158 2 ST ESURMIRIE LA A FFRE
W, MIEAEE 42 KEF, 1 STHEPRHRE
N 0.152 mg KOH/g, 2 5 11 & Hi#kih R 1E N
0.067 mg KOH/g, [EHitkiRIE Ny 0.092 mg KOH/g.
IR, 1S HTAH R E O DL/T 571—2014 #xifk
BRI AT HURMAE R, 6 15T ST A A
T 24h, HPR{E%Z 0.040mg KOH/g. 4G £ 5
54 KIS, 2 ‘S EHUAMEE Y 0.151 mgKOH/g,
X H AL 24 h, FR{EFE % 0.013 mgKOH/g. 4
NSRRI AT 25 61 R, B =HiRimiaE A
0.151 mgKOH/g, *FHFFAEAN 24 h 5, Bk
TR {E P2 0.030 mgKOH/g. [t S2it & 2RiE 47 I
4k K, 2 5 i BB E Y K FE B 2
bk, 76 G 3E4T 73 KEF, HERE ClE E
PRI 76 G HRIEAT 87 K, HERAEET 158
FURh . M ESHELT 120 R, 2 SHESBM
TR CL ik 5] 0.496 mgKOH/g, LI [ =470 A I R
4 0.164 mgKOH/g, 1 S EIKRIMIRME N
0.255 mgKOH/g.
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Fig.5 Change of acid value of domestic fire-resistant fuels
during the demonstration application of unit A
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Fig.6 Change of electrical resistivity of domestic fire-
resistant fuels during demonstration application
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