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An Integrated Design of High-power Hydrogen Fuel Cell
Power System for Vehicle

. 1,2 1,2 1,2 1,2 1,2 . 1,2
LI Ning~~, LIAN Yong"~, LI Yang"~, QIAO Zhi~, HOU Yu"~, LI Xiaosong"
(1. Dongfang Electric (Chengdu) Hydrogen Technology Co., Ltd., 611731, Chengdu, China;

2. Hydrogen Electricity Interconversion Key Laboratory of Sichuan Province, 611731, Chengdu, China)

Abstract: This article develops and designs a 300 kW fuel cell power system for vehicle, which is based on a distributed

hybrid AC/DC topology architecture for hydrogen fuel cell power supply structure. The rationality and feasibility of the power

system design is indicated by testing of the power system for vehicle.

Key words: hydrogen fuel cell; power system; vehicle
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Study on Process Design and Optimization for Gallium Purification by
Three-step Acid Washing and lts Recovery

1,2 . . 1,2 . 1 2 . 2
WU Yi~~, DAI Minggiang~~, YE Jinwen *, LEI Yundi”, JIANG Jiechang
(1. Sichuan University, 610065, Chengdu, China; 2. Dongfang Electric (Leshan)Eban High-purity Material Co. , Ltd, 614100, Leshan, Sichuan, China)

Abstract: This study addresses the challenges in the physical purification of crude gallium (4N, i. e., 99.99 % purity), where
some impurity elements are difficult to remove, and conventional acid washing leads to significant gallium loss. A novel
process involving a “hydrochloric acid-nitric acid-hydrochloric acid” three-step acid washing pretreatment and gallium
recovery was proposed. The effects of acid washing temperature, hydrochloric acid concentration, nitric acid concentration,
and acid washing time on impurity removal rate and gallium loss rate were investigated. The results indicate that the
addition of hydrochloric acid in the final step effectively removes the gallium oxide layer, thereby reducing process loss. The
optimal process parameters were determined to be an acid washing temperature of 48 “C hydrochloric acid concentration of
2 mol/L, nitric acid concentration of 2 mol/L, and a duration of 2 h for each step. This optimized process yielded a final
product purity of 5 N with a raw material loss rate as low as 1.57 %, providing key raw material for the preparation of 7 N
ultra-pure gallium.

Key words: high-purity gallium; purification; acid washing pretreatment; recovery; optimal design
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Sr Bk BRIR BB ORI O R 2R LR

T AR B 5 2R TS I R T AR R R
gl MR Uk B 2%, R ORS MR XA R T ik
RO A R U 4 B AR AE R 2k Bk 4 TR % TR
AL OGS EA T B o AR Al T2 T
PR T Y HACR B R W T B 4 S O 4l 5
ARREE T R U SR BORE A A R Uk
TESHRE—AA R I, R, a0 76 iR
Vet B rp i — 25 B AR R FE, A RREAT IR A
5T,

A RRVE AL B T 2 £ Wi e R
FHERFR IR VE 225 Al Mg Zn Ca 20 R, IR
THMRRR YE 4% Pb .Cu . Sn Hg &4 Fioc X', H5x
PRERVE R, Al R B2 Uk 52 A0 9 R 5L B0 28K (iR
FEA AT A5 B JEORE FITRR TR 2 W 50 4 4 g, i A5
B F I, R R e R Sk I VA B WA A TR Uk
AR RRVE 7 i Y 2 FE AR T B AR GB/T 1475—
2022 FFRLSE I 5 N & AR, H O FCRHR FE R 0k
3~4 %, AT REGIZB KRR R R AL L
Ko SJe 7 te Forh R B 58 4 45 9 TR Ok 2 RN i 8 4
LS R AR SO AR G2 T2 5 A P i —
HERTRIR VN T2, 15 Eh R 2 B AL I 5 15 216 1
ITRVEER , JE— L Pk S IR Ve R WS 2 v 8. Al
B, AR SCHUR FMSCAE I 0 8 U0 A0 2 Ak AR TH 2
R Ak Yo YR PV S TR T 0 I AR, T e U TR 5 R WA
EVTIEFF I A SRR HEAT 25 ok AR 1y Ach 2, IO 40
T LRSI A I R], SC5E ) T ek 2D DR
PRFE, B AR A 7= AR, A I, AR 38 S i F 9% R Uk
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AR R LR R R MR B A IR M TR I ] o
PURER LR A B0 B2 1) 52 e LA 5 LB, A AR
BB L 19 T 2280, TN GO 2B 10 il 25 2
(-

1 3L %

1.1 ZWSHIEE

R B R T B A G — TR X —— (IR iR A
VEIX IR BRAEIX | iR X AR LR R 7E 30~
50 C R RR SRS R UEA TR0 DR, T R R bR &
WA R, M Ja ek HAh 4R 4l T 2 80 &
PR R AR X 5 T B A AR R SOV 2% 5T (4 Ph
Pt.Cr %) , T iR Ak SN ) 12 0k A 60 C 2247
PR AT R Ve LBk, i e 224 4l T2 & i
R HAEFE 80~160 °C |15 FEEUH AR AE T MR B K |
ARRBE R PR R, HH 23 E 5B E T
R, SEE% B0 BN e CE A R H R vk
TAMANRITT R 3 BT A B AR IR v gl XA 4 22
TRBERA B ——48 °C 54 °C .60 C, A T [FIBfPRUESR
Joi 2B R R i, AR SCRT R FH I R R vk
IR B v th R e B PR B (IR A 1~ 3 mol/L
WA B0 TR TR 1) o) ) 285 45 88 o i PN AR 1Y
HAY%ESE 2 h 3 h 4 h 7L IRTY, BT 5E
b 4 ] B R R AR R T L AT
1.2 Xk

SEE AR ME 1 iR, EESNLT 4 4
.
(1)¥ 5 kg 4N JFUBHER (213 99. 99 %, 24 %
AN 1 FR) £ 60 CARIBIE S BRI 2 I
PR AT Y, SO VA 4 2 i O R 17 e TR AR v A
HERE,

(2) AR IR A ER IR (W BERBJE . 1 ~3 mol/L)
600 mL, FHEHEE 180 r/min FRVE , TR Wk 58 BUS 18] H1
L WE, IR 500 mL 4K PR 2 YK, BHR 5 min,

() MMA LRI B RS R (MR EERS . 1~ 3 mol/L)
750 mL, FEFERRVE (2) HokH [R] s R] S A A
R T RIRE iR ElK BT 2 Ik,

(4) AR IR BIR BE 4 mol/L #2718 150 mL gk
FRE 10 min, 5 BUS B1H_EI RO 4K YE 2 &k,
RNV
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5 kg 4N J5URH v e KA 600 miy v [ SO0 md s 2y [TV PERAR 750 b gy g
60 CAK AL AL i J32 VR Yit Bt Pl 180 r/min X Bk FFYR 5 min B b

pels
W 00S Mz

e e SUKEVE 2 Kk [ 2K 500 mL | g |2 molD SRR 150 mL g sk 2
o FHUK 5 min i b 10 min B b AEYR 5 min

B BEWLERREE

®1 4NERSEEREE
TR (wt %), AKT

K —
JTE AR
Al Ca Fe Cu Ni Zn In
1x107* 1x107* 1x107* 8x107* 6x107* 1x107* 1x107*
GadN J5oR 3x107*
Sn Hg Pb Mg Cr Cd Si
1x107* 3x107* 6x107* 1x107* 1x107* 1x107* 1x107*
1.3 AENRESKEN GB/T 1475—2022 XA 52 56 75 35 B (1) SN B 4% i

A SR IR EHL BT i v ( GDMS ) X i 1k 7= TEREEGE(WE2), U MEZEFRHE GB/T 10118—
mh 2R AT T R (4G Fe Zn ., Cu, 2023 HAY ON AR A OC R & (W 3) , KR
Pb Hg Ni Z57E N Y 30 NI ER) IR E ZE A B/ S 2l B - T

%2 ERFE GB/T 1475—2022 31 5N IR ETE S E R

AePE R (wt %) ,ART

=
Fe Pb 7n Sn Cu Ni Al
8x107° 12x107° 4x107° 4x107° 10x107° 1x107° 5x107°
Ga5N 100x107°
Ca In Hg Si Cd Cr Mg
10x107° 5%107° 8x107° 10x107° 1x107° 1x107° 6x107°

#R3 EZEAE GB/T 10118—2023 %t 6N BaAF LR TEEEE R

FePE R (wt %) ,ART

=

\'ﬂ:

13
=

TTE §5)

Na Mg Al Si S K Ca
3x107° 2x107° 2x107° 2x107° 2x107° 2x107° 3x107°

Cr Mn Fe Co Ni Cu Zn

GabN 100x107°

2x107° 2x107° 2x107° 2x107° 2x107° 1.5%107° 2x107°

As In Sn Hg Pb
2x107° 3x107° 2x107° 2x107° 2x107°

i R TR I R HL R B B K bR GB/T 10118—

2023 FLE ) 6N Lh b i BT, U BT OB Ni Fe  Cu,

2.1 IEZESHMHRIRFEMLRER LR Hg Pb i HBZR, T2 SR H L8 1A~ 44T
XF H A BT SEBR FR UE 7 W i 2 B o B (AN 4) A AT AT

ML Y 24 B ICE % Ni Fe . Cu Hg Pb 4b, Hidx

2 HR5ITiE
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x4 FREZREE

FHHE(x107%)

S SLHG A
JLHE 5N 6N M EE/C HC1 #% % /mol/L HNO; ¥&J#/mol/L A1) /h
48 54 60 1 2 3 1 2 3 2 3 4

Na — 0.03 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Mg 0.6 0.02 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Al 0.5 0.02 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Si 1.0 0.02 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
S — 0.02 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
K — 0.02 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Ca 1.0 0.03 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <O0.005
Ti — — 0.001 0.003 <0.001 0.002 0.001 <0.001 0.001 0.001 0.003 0.001 <0.001 <0.001
v — —  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <O0.001
Cr 0.1 0.02 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Mn — 0.02 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Fe 0.8 0.02 0.001 0.003 <0.001 <0.001 0.001 <0.001 0.002 0.001 <0.001 0.001 0.049 0.001
Co — 0.02 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Ni 0.1 0.02 0.004 0.045 0.044 0.313 0.004 0.049 0.124 0.004 0.058 0.004 0.056 0.030
Cu 1.0 0.015 0.031 0.380 0.164 0.841 0.031  0.207 0.054 0.031 0.771 0.031 0.63 0.193
Zn 0.4 0.02 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
As — 0.02 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Se — —  <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <O0.005
Pd — —  <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Ag — —  <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Cd 0.1 —  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.0l <0.01 <0.01 <0.01
In 0.5 0.03 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Sn 0.4 0.02 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Sh — —  <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <O0.005
Au — —  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Hg 0.8 0.02 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Tl — —  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Pb 1.2 0.02 0.003 0.154 0.058 0.944 0.003 0.206 0.038 0.003 0.139 0.003 0.209 0.115
Bi — —  <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

2.2 BSEIREXEIRFEME AR R0 &2 2 o B IR B E AR GB/T 1475—2022 #

&l 2 (a) A T Pk T BE X R FE 3 LA ] Hg  Fe (Ni,
Cu Pb 2502 Ay s et 2 A8 0 18T .y 1B ] 60, 9t
FES AN 0T 25 5 34 B A T2 O TRL 2 0 o Sl 4 s
YN, IEFERRVEIRE Ny 54 °C BHBFE R AAY T & ik
P, TRAFERI N 2. 83 %, MK N 1.57 %, H.

TE ) SN BRI O . PR UE I A F 4 S B 32 AL 4
AU KR AL S 2 R LR ORI FE =
R (A (1) ~ (3) FiR) o TR IR Y
Pl i B m] A AR A Al SO A TR R R 4% %
N RE HEAT 5 S JE I B Gibbs H HI TR E (AR
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(4) b R Oy BAR AR, T IR HIREE K
SN AR B, RN R R S A 08 R A]
Arrhenius TR (AR (3) ~ (5), H k 4871
KT n A RNEL E, RTGALRE, R 3R A
BT I IRE ) i % R e AL P A B
PEAT MO R H A3 B R 2 AN T

M+2H*—>M* +H, T (1)
Ga,0,+6H"—2Ga™ +3H,0 (2)
Ga+3H'—Ga™ +H, 1 (3)
AG=-RT In K (4)
r=k[H+]"e_Ea/RT (5)

MRV 48 C T, FAss & B P i K
A9 /N AT R B % AG, o, RIS TUOC 3R I i
AG, WEMLT BT AG, ™ FrLL H etk
5B AR B0 2 AR S8 SO, BOZR EE T 4% o i

4.01
3.5
3.0
2.51
2.0
1.51
1.0
0.51
0.0

PUFE (%)

54
I JE(C)
(a) MR Pk

4.01
3.51
3.01

0.4
1.51

1.0 1 0.2

TFE (%)

057 0.0

00—

1 2 3
HNO; # JE (mol/L)
(c) fETR M BE

s
0.8 ¢
=
R
251 (0.6
2.0 i

R e Ak BEORHI AR fRe /N BRUEIREE D 54 C I il %
T AR TSN B A B BE B, R AR ik T A R
A SN PEAT B AR T B BEAR T B I
BRI . Hoih T a2 B D R 5 2% o
(19 S5 107 B2 W AR, 2 Dot 25 B SR AR, R VB IR EE
60 C I, FRZ5 AU AR, TR UE R GE P A 8% H W
REAC, (A ERARE AR XS T 54 C IR TR A — 1>,
(LS M ) JS2 T3 R A 5 S 2% A1 RR 38 AT, ik
BRASECRAIRS T 54 CRRUE XA+ 2 —E 4871, {HAf
X 48 CRRUE , LI TH i S BUBR S TR A S 1
FRRMEAR T, Be— 2L 0 T R 5 2% iU TT 3% 19 RN L
11, BT AAZ AL B A B MR R B, LR A BEAL
HAEEOR 48 C IR UE R BT s AR BOR 2 55 1 - A
PRAEZ JFOBE R 3 A9 [R] IR, 4 B0 46 25428 i 7 e fE K
(157 %) 1548 JEURE [R] 75 2 ER

4.0- 1.0
351
3.0- 08
< 5
S5 063
@ 201 o
i 0.4 42
157 B
1.0 r0.2 {k
0.5 7 040
0.0 : > .
Hel ¥ £ (mol/L)
(b) ALK I
4.07] - 1.0
3.5 S
- 1
< 307 0.8 2
g 251 0.6 ﬂjﬂ
b
= 201 =
1.5 oo
1.0 0.2
057 L0.0
0.0
2 3 4
B 1] ()

(d) FRUETIA]

2 FARFHTRHMSHRAZMEZRREE (B HANRE SR RIT)

2.3 EERIREIRRFENLRER RN
Bl 2(b) MEL R U B X i FE R LA & Hg  Fe Ni,
Cu . Pb 2% & B A2t 2210 IR, i R eT 2, Bl

10

IR TRUR B A T, 5RE R A BLRR AL HH T =
PN T1.40 BTV E1.57 % 2.84 %), FIZIY, 2=
JUE M F i ERE TR, BAEER RSN 2 mol/L



A 2% 0t 7 o R B AR M1, 45 2% I 4 o 2438 1 [ A 1
GB/T 1475—2022 HLAE ) SN 824 Sl bp e, %t 72
W 55 AT B Ak 27 R 80 ) 24 A G, R IR vk
K1 mol/L B BRI E S8R R P & &8 (L
Ga DL 45T Ni Cu Pb ST R ) SR MY RV %57
B, ELXF T H 6 PR AS B A5 19 Ni Cu \Pb JGE ™Y,
S5 W YR BE A IR B 0 S N2 B, i LA Eh B E T
BRIV # 22, FEAE Ni | Cu Pb 245 & 40 5, [F]
BHFERE D, MRV k2 mol/L B, 4% 5 4
J& S5 HL 25 5 (Ni: 1. 91>Cu: 1. 90>Ph: 1. 87>
Ga:1.81) IRBIBRA S A EAT > | [ B CL v B 1
FhE A2 v T P4 AW (W[ Nicl, 17 [ CuCl, ]~
[ PbCL, 177 ) JE A, MR 2% Jo i It 29 SR 1, e 2 ot 7%
IR, TR R R T, 0 A R Ay, BT AR
FEARL — I, YRRV P R RV N 3 mol/L
B v H VAR 5 50R  J oly , AFE MR /=7, B P %
S v £ Ry (AKX (3)), B pH
RV A R 2R T 4 R B R R SR TR 1T
FRUZ A 55 TR e 1) 136 1 57 50, DA BEL - 2% S A 0 114
SES RS RTE , FRIEUURY) 55 AR /NG BN B
JSCH R /0N B S DX 38R 2 E — 2B n DR X B I
Pl O ERRR R N 3 mol/L B 1R FR A I RE
A R AR T 1 mol/L 12 mol/L Z ],
CRE AT TR, R B 2% 0T 5 i A IR R) B R R
H 2 mol/L K fic A R TR AR IR e
2.4 FHERKEXHRMFEME R EBR RN

Bl 2(c) AR v B2 X FE 3 L & Hg  Fe (Ni,
Cu Pb Z& 5 & T2 i i e A2 fk I, fh T mT 240, 4
R 250 i i T Y T ey S PR 2o 1 R B TR VAR
3 mol/L B FER FL ik BE A 1 mol/L I 45 FE 2R 18 i
T 2.87 % (M 0.26 %TFEZE 3.13 %) , X W] Uk
FERS R B IR B WS Ve R R B, 55— T, AN
F= I 70 TR TR e 85 1 i 1o e Bt AN [, G v il R
WEE N 2 mol/L B 4% Jit % & 5 1%, il R Vi B Oy
1 mol/L I & M4 Z% it & I I (H2 Ni 5 s e, i
FRHE N 3 mol/L Bf Cu Pb Ni &8, H Cu &
T AR B e K, 45 24 T S HA B R
FrRAfE GB/T 1475—2022 L HY SN B4 bnifE, %
TR AT DU i R E A IE B Ga, O, AR L) KX 2%
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FRoC R B AW AL A58 BAE BT b,
SR MR BE A 1 mol/ L BF, i R A A A R 70 4 36
TV LSO S AR i S A BB 1 S 3 Tk 26 4 TR i
SRR, PN R VR AR, — R
| BEAA VS g )t BEL RS LG F P R A4 T & 1 2
B e EEZFoCE NI AR 42 Cu Pb 58,
MREALEIREE T IL I NiO BEAL )2, T LA Ni JT &
FrEARTAR LY MRS E T 2 2 mol/L i,
SAALRLAIE 1.0~1.2 V, 5808 T 24 FREtALRE R Wk
T B R AE VA Ga, 0, AALBE (A (2)) TR
b, 1E— 25 5 A S N, B AR 5 | & A i 82 g okt ik
PAFERS G LT, b T VBB, i R ok B ik — b
FHEZE 3 mol/L, w5 e i A R 30F — 25 Xof S A4 A7 )8
Ty, FEARFERE T, [F) B A R 5 B B A 1 i TR
R B 2 AR SR R T KIS B SR A
JROCER T Rl s ALY Cu \Pb Ni, MY
ik, wH R EEEF (I co®) FEE RS N AL
A28 JE T AR (1 2Cu® +NO +2H,0—2Cu +NO; +
4H" NO HIRVERI™Y)) , R BOL o b &, 25 LT
R ,2 mol/L i MR R VLMY L RHRFEIE (1. 57 %) H.
FEZ T % 4= 5 & i ¥ A, g UE o T2 ik

A, e % T v s H 90 TR B 10 72 A A R
BRI 30 A8 A6 ) B4, X5k 72 19 AL 38 45 B
mr,

(1) WHE A =

FERSPR IR Ve 72 b, R R B (M 55, W1 4R
B P R A R B T AR Ry A YL AR B R, B FHBE )
BFEHRCIE 3(a) (b)) HIEIAT DL Al R R Uk
TR AN T) S 35BS B ST 285, B e R o A 1
T UL 3(a) ) TEBUOBAE 5 2 25— 1 2 R KR
VR, T2 & ALK A IS B IR R 1 45
TCUWE 3 (b)), B EE L K B o w8 55k 2 1L
A VAT 2% o (A5 T 00 02, PR A 3R A8 it
BUBR BTV ) (AN 82 55 B 1 ) Jo 35 m 38 401k 52 W
BN D R S (R 2 | U S S =R OB BL L - > .
PN b e o) PO LN T B o T N ('8
AR 52 I K B T8 5k R AL R T i A
%,

11
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(c) F TR PR VR 45 TR H B B4 R

(d) T A/ R R A O i Y I3 BB

3 BEEREFHIANKRNES

T AE R — AR e ) TERR e i R b S
JoT S 07 1 T) Eof A, 2 5 B O A TR B ) SR AR S g, 2
Bz e K ARG, izl B b
FIREH BLAY SBLANT
Ga+6HNO,(#€)—Ga(NO,),+3NO, T +3H,0
(6)
Ga+4HNO, (i) —Ga(NO,),+NO T +2H,0 (7)
2Ga+6HNO, (k) —Ga,0,+6N0O, T +3H,0 (8)
2Ga+2HNO, (i) —Ga,0,+2NO 1 +H,0  (9)
Al SR ES I ON =R 7/ NG Wi
HNO, ) HAEWAS B P U0, X B8 Bl f 5
TREBE R A B, FECHIRAR A RIE L, [
W2 SN BLAT S A | 145 G AR B SR A, 5]
RARZR SR U B BRI Wk R AR ARV R B OR A
HERL X | 3 — 20 ] L A B, T ((6)
(7)) Fiom, Jni it #2386 [ 25 A8 BN MR B (Ga
(NOy) ) 37 MRV A7 A T 7K T W v i 22 B
Bl R AT WA VR, o e BE BT DU ER Ga™ K fifh ™ AR
[ Ga(H,0);0H 1> Hr[a] 44, i o S B W 4200 ol — 4k
DRI 28 285 A6, V5 W B 7 Sy v R B AR R et AR

12

H1,Ga(NO; ) ; 7E IR AL & 4R, LR vk B vl ik
TRLFI 3ol v JE A AV D Sl 3 4 T BB RG 2, AR
SERMEE I, LAR IR FF AR FE . BLAM, S
BRAEE AL B v R i AR R Ga, 0, WA (A (8) .
(9)) , IZMEREAE SRy W 25 1 ) I3 0 o< T Sk
ERAR AT K F170  Ga, 0, T A 22 IR Ay 288 4 A
b, ELBNFRTE I I I R A S T
DAL SRy AT B YR 4 T, T LA AR SRS AE T 1 DL
T, ST 2E A AR 25 B A7 P o 3 Al i R
THNIITBEIR 5 H 5 R G0 s R IR A SR R
R4 Gibbs W B B, 1 ok 1 FEAR 20/ NSk
JRE 22 M B S R Y RN L e A
AR AL BTU) B KA B Sl /N, Laplace 72 f
(AP=2y/R) FM /INIHLPH I R2E48 (R) W/ =4
TR P R 25 1% R 22 BT AR A B, 4 ] A
BRIt FEHE P RG] AR 2 K — i<
G N U N T VA S S QA I N U R
SEPE

(2) AR A1k

FERGITR R Uk 58 BT i B — B it [ J5 450 1 1 )22



JRAE BRI, & BT 2 0 VA5 Sk o Rtk JUAE
B3 (c)), HFmA D 5k B i 1 J5 o AR A (5 R
ARCINE 3(d)) . 4G STk BT, R R E 35 1Y
AR5 R ok ) A Ak 2E B AR 2 AT O % DA
Ko RHRIR VL ) AL AE 2 5 BIOR A B 3 10 )N
TEREUR I Ga,0, AL )2 1Z A2 B A B E L
MR B ( PR AR 24l 200 GPa) FIASAIE 26 1 5K 7
(2979 0.5~0.6 N/m) , H i & @ T A S5 0 2 m
KS(£50.718 N/m,25 C) , L FEF T RZG A
PEfE, BRSSPI AR (HIERR) . 485G
AL IZ B A4 5] 43 A7 T 501 A T R 2 I B T
1 S, W B T AEXERR I BRoR 254 Y L ol
T PR it B v L B AR I PLE, X A ROk
PF Ak 10 min AR FIAY R VA T P I2 it 404k 10
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min FEERIEAT X SFOGH T RETE (XPS) Ui (40
Kl 4), 25 RWT I s 16 4 A 10 B B 35 T H:
Ga(2p,,, ) WA T TR S AL T 10 22w #% 1 0. 98
~1.01 eV(E 4(b)),H O(T s) WERIRS 1] 2 0 £5
T 1.20~1.52 eV (UM 4(c)) , X UL ZE R W iR
ML 10 min J5 , K102 B0 3858 K AR5 4K, Ga
A AR FEAIG, Ga A1 O 1945 4 RE A, RIS i
Ga, 0, Ji/b , I I GaOOH , %3 F2 HH B Y 8 5
A2 (-OH termination ) -5 7K ) 42 firh £ 24 60 ~ 70°
XFRER IR S — P RE T WS B Y M Bk AR
TSR #E—2hY MRS Young-Laplace J5 2 ( AP =
y(I/R+1/R,)) ) 7, i 3248 R, FI R, B 22577
FHAEI S B Laplace & J150 A, NI 4E+E T K42 He
292 1 1 IR MERIR G

Intensity(a.u.)
Intensity(a.u.)

a0, (H,0)

Intensity(a.u.)

0 400 800 1200 1110 1120

Binding Energy(eV)
(a) 25

Binding Energy(eV)
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A Harmonic Suppression Method for AC Excitation DC Bus Voltage
under Unbalanced Power Grid

JI Lei, LIU Jitao

(Dongfang Electric Automatic Control Engineering Co., Ltd., 618000, Deyang, Sichuan, China)

Abstract: This article aims to stabilize the variable speed pumped storage AC excitation DC bus voltage, analyze the
mechanism of fluctuation, and design a DC bus voltage fluctuation suppression strategy. This strategy enable converter

operating at any power factor. The use of T/4 delay method to extract negative sequence current avoids the bandwidth

limitation problem caused by notch filters. Through simulation verification, this strategy is simple and effective.

Key words: variable speed AC excitation; grid side converter; suppression of DC bus voltage fluctuations
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Effect of Flow Redistribution on Fan Response during Mode
Transition in Variable Cycle Engine

ZHANG Zhiwei, YU Xinyuan, ZHANG Pet

(Dongfang Electric(Fujian) Innovation Institute Co. , Ltd. , 350001, Fuzhou, China)

Abstract: The dual-bypass variable cycle engine achieves switching between single and double bypass modes through the
actuation of adjustable components such as the mode selector valve. However, the dynamic flow redistribution during the
mode transition process is prone to induce flow instability in the core driven fan stage. To clarify the mechanism by which flow
redistribution affects the fan’ s dynamic response, this study employs three-dimensional numerical simulation to comparatively
analyze the flow characteristics of the core driven fan stage during the mode transition process of a dual-bypass system and
the inlet throttling process of a single-bypass system. The results indicate that the sudden drop in core flow caused by the
actuation of the mode selector valve is the direct cause of tip flow instability in the core driven fan stage. The two processes
are similar in terms of the blade loading limit at the onset of instability. However, because airflow can be redistributed between
the core and bypass streams during mode transition, the system possesses a higher degree of freedom and exhibits poorer
robustness when facing a sudden core flow reduction, leading to more severe and further developed flow instability. This
study reveals the specific mechanism of how flow redistribution during mode transition affects fan stability, providing
theoretical reference for the stability design and control of variable cycle compression systems.

Key words: variable cycle engine; mode transition; flow redistribution
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Trajectory Tracking Control without Collisions for the Wheel
Mobile Robot Base on Artificial Potential Function

WANG Hao, ZHANG Wei, ZHANG Yu, TU Bo, WANG Jun, WEI Jin, QIU Juncheng

(Dongfang Electric Autocontrol Engineering Co. , Ltd., 618000, Deyang, Sichuan, China)

Abstract: In this paper, a trajectory tracking control without collisions problem for the wheel mobile robot (WMR) is considered
in the environments existing static and dynamic obstacles. First, an improved repulsive potential function (IRPF) is designed
by incorporating positions and velocities of the obstacles relative to the WMR. Then, an error-correction-based strategy is
proposed to plan a collision-free path for the WMR by using the IRPF. Furthermore, a nonlinear controller is designed to solve
the trajectory tracking control without any collisions problem in the static and dynamic obstacle environments. Finally, the
stability and convergence of the WMR control system is verified by strict mathematical deductions and the safe collision-
avoidance condition is also given. Experimental results demonstrate the validation of the proposed method.

Key words: wheel mobile robot; trajectory tracking; collision-avoidance; artificial potential function; control system
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Research on Predicting NOx Concentration at the SCR Inlet of A
Coal-fired Unit Using Online-updated LSSVR and PatchTSMixer Models

ZHAO Yugqiu, LI Ping, JIN Yilong
(Dongfang Boiler Co. , Lid. , 611731, Chengdu, China)

Abstract: Based on historical operational data from a 350 MW coal-fired unit at a power plant, this study developed a
predictive model for NOx concentration at the inlet of the denitrification (SCR) system. Implemented using Python, the
model takes key operating parameters such as unit load, coal feed rate, flue gas oxygen content, and burnout damper
opening as input features. Two algorithms—online-updated Least Squares Support Vector Regression (LSSVR) and the
Patch-based Time Series Mixer (PatchTSMixer)—were employed for model construction and performance comparison.
The results show that, in terms of evaluation metrics including RMSE, MAE, and the coefficient of determination (R*), the
LSSVR model outperforms the PatchTSMixer model in prediction accuracy. Additionally, the LSSVR model demonstrates
faster training speed, better generalization capability, and stronger nonlinear fitting performance.

Key words: NOx concentration prediction; online-updated LSSVR; PatchTSMixer; modeling; model comparative analysis
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Analysis of Performance Indicators for Municipal Solid
Waste-to-energy Incineration

JIANG Ruibao, LIU Wer

(Dongfang Electric International Corporation, 611731, Chengdu, China)

Abstract: This paper focuses on the performance indicators of municipal solid waste-to-energy, extracts and analyzes
relevant provisions from national and industry standards associated with waste-to-energy incineration projects. It provides
an in-depth interpretation of the underlying policy orientations and technical principles governing these regulations. Drawing
upon extensive practical experience in bidding processes and project implementation cases, the study refines, categorizes,

and summarizes critical performance indicators, offering valuable decision-making support and reference benchmarks for

industry professionals.

Key words: waste-to-energy; performance indicators; indicator analysis; environmental compliance metrics
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Research Progress and Application of Coal Ammonia-doped
Combustion Technology

ZHANG Quanjun', GUO Yantao™™, JIAO Yang’, BAI Fuming', WANG Ting*, CAO Fan’,
CAO Xiangfei', SONG Yin®, LI Qiang'
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Abstract: Against the backdrop of the global energy transition and the dual carbon goals, reducing pollutants and lowering
carbon emissions have become key measures for nations worldwide to address climate change and advance sustainable
development. As a pivotal pathway for low-carbon transformation in the thermal power sector, research progress and
application potential of coal-ammonia co-combustion technology are garnering increasing attention. This paper
comprehensively reviews the principles, characteristics, and domestic and international research advancements of coal-
ammonia co-combustion technology, while delving into its strategic positioning and economic drivers within the current
energy structure adjustment. Specifically, addressing challenges such as limitations in existing mechanism models and the
complexity of NO, emission control, this paper proposes innovative approaches for future technological optimisation and
application expansion. It further outlines the technology’s pivotal role in achieving clean and efficient coal utilisation and

supporting China’s national carbon peaking and carbon neutrality objectives, considering the nation’s energy policies and
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market demands. Through systematic analysis and synthesis of the technology “s principles, current research status,

application cases, existing issues, and development prospects, this paper provides a reference framework for further

advancing the development and application of coal-ammonia co-combustion technology.

Key words: coal ammonia-doped combustion; low carbon combustion technology; combustion characteristics; NO,

control; thermal power carbon reduction
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Overview of High Altitude Hydro-generator Design for
Xizang DG Power Station

SHI Mingxing, ZHANG Jinglin, ZHEN Di
(Dongfang Electric Machinery Co. , Ltd. , 618000, Deyang, Sichuan, China)

Abstract: Based on the condition of high altitude hydropower station, this paper mainly introduced the electromagnetic
design, insulation and anti-corona technology optimization and ventilation system structure optimized design of high altitude

hydro-generator, which solved the problem such as corona, discharge and heat dissipation difficulties.

Key words: high altitude; hydro-generator; electromagnetic design; insulation; anti-corona; heat dissipation;
ventilation system
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Life Prediction of Rubber Used in Hydrogen Sealing System of
Nuclear Power Turbine Generators

LIU Conghui, WANG Jianli, WANG Yong

(Dongfang Electric Machinery Co. , Ltd. , 618000, Deyang, Sichuan, China)

Abstract: For Nuclear Power Turbine Generators (generator parts), hydrogen sealing is one of the most important seals,
and the research about the aging life of their rubber sealing materials is an important part of improving the reliability of
nuclear power units. In this paper, two rubber materials, fluororubber and EPDM, are selected for using in nuclear power
hydrogen seals, and their compressive stress relaxation, Shore A hardness, leakage rate and other properties are
investigated respectively, and the service life of these two materials is estimated by using the Arrhenius equation, and the
service life of these two materials on the unit is derived in theory, which provides a theoretical basis and reference for the
replacement cycle of hydrogen seals in nuclear power units.

Key words: nuclear power; hydrogen sealing; fluoroelastomer; EPDM; life prediction
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Research on Anti-icing and De-icing Technologies for Wind
Turbine Blade Surfaces under Icing Conditions

XIA Xinlong
(Dongfang Electric New Energy Technology (Chengdu) Co. , Lid. , 610000, Chengdu, China)

Abstract: Current anti-icing and de-icing technologies for wind turbine blades primarily rely on localized heating. However,
this approach fails to ensure uniform heating and requires extended processing times, resulting in reduced overall
efficiency. Therefore, this study proposes the design and analysis of anti-icing and de-icing technology for wind turbine
blades under icing conditions. Based on the classification of ice accumulation patterns on blade surfaces, the iced area is
estimated. Within this area, a superhydrophobic coating is applied via spraying to provide surface protection. Based on the
protective treatment effectiveness, under icing conditions, a gas-thermal circulation method is employed to provide
continuous and uniform heating to the blade surface, shortening the overall time required. This approach balances the total
heat input while achieving the de-icing objective. Residual ice on the blades is then vibration-cleaned using synchronized
ultrasonic vibration, enhancing the anti-icing and de-icing effects. Experimental results indicate that the proposed method
reduces the icing coverage ratio to below 2. 5, demonstrating its superior reliability, efficiency, and performance.

Key words: icing conditions; wind farms; generator set; blade maintenance; anti-icing technology; unit protection
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Speed Sensorless Control of PMSG Based on Improved
Sliding Mode Observer

HU Jun, DAN Xiaoyan, WU Xiaotian, LI Xiyan
(Dongfang Electric Wind Power Co., Ltd., 610000, Chengdu, China)

Abstract: To address the problem of insufficient estimation accuracy caused by the discontinuous switching control
characteristic of traditional sliding mode observers, this paper proposes an improved sliding mode observer design method.
By introducing a new type of continuous switching function to replace the traditional sign function and designing an adaptive
sliding mode gain, the high-frequency chattering phenomenon of the sliding mode observer is suppressed, and the
estimation accuracy of speed and position is improved. To verify the effectiveness of the proposed method, a simulation
model of a 6. 7 MW permanent magnet wind power generation system is built in the MATLAB/Simulink environment.
Simulation results show that compared with the traditional sign function method and the boundary layer method, the
proposed method exhibits superior performance in both speed estimation and electrical angle estimation.

Key words: PMSG; speed sensorless; sliding mode observer; switching function
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Development of an Integrated Workstation for Rotor Assembly of
Medium and Small Steam Turbine Generators

XU Zhenggian, FU Xiandong, LANG Jiangiang
(Dongfang Electric Machinery Co. , Ltd. , 618000, Deyang, Sichuan, China)

Abstract: To address the problems of low production efficiency and high safety risks caused by frequent hoisting in the
traditional rotor assembly of steam turbine generators, a new integrated workstation for rotor assembly of medium and small
steam turbine generators is developed. This workstation integrates rail-type floating roller stands, movable synchronous
jacking devices, and split-type R-blocks, realizing the switching of support states without hoisting through the " rail guidance
+ synchronous jacking" technology. Practical application shows that the workstation can reduce the number of hoisting
operations for rotor assembly from 18 times per unit to 1 time per unit, a 95% reduction, and shorten the assembly state
transition time to within 15 minutes. Moreover, it is compatible with rotors of different length specifications, easy to operate,
and requires no professional hoisting qualification. This achievement provides a new solution for the optimization of motor
assembly processes and has significant engineering application value.

Key words: medium and small steam turbine generators; rotor assembly; integrated workstation; synchronous jacking;

rail-type floating roller stands
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Research and Development of Liquid Cooling Thermal Management
Technology for Lithium Battery Energy Storage

CHANG Bo, ZHU Rui, WANG Jing, WANG Xiao, YAN Tiantong

(Dongfang Electric Autocontrol Engineering Co. , Ltd. , 618000, Deyang, Sichuan, China)

Abstract: Driven by both the “dual carbon” policy support and market demand, the installed capacity of lithium battery
energy storage has expanded significantly. However, the thermal sensitivity of lithium batteries makes it necessary to rely
on an efficient and safe thermal management system to ensure their operational reliability and performance. The article
adopts a method that combines theoretical analysis, simulation design, and experimental verification. It focuses on the
development and design of liquid-cooled battery packs for lithium battery energy storage, centering on technologies such as
self-temperature-equalizing liquid cooling plates, liquid cooling pipeline flow equalization, high-efficiency thermal
management control strategies, and system integration. It aims to improve the deficiencies of lithium battery energy storage
systems in terms of temperature control, safety and economy, and provide key technical support for the large-scale
application of lithium battery energy storage in the new power system.

Key words: lithium battery energy storage; liquid cooling; thermal management; liquid cooling plate; battery pack
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