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Latest Technological Developments of Energy Storage Batteries

YANG Yuchi, ZHANG Yuan
(DEC Academy of Science and Technology Co., Ltd., 611731, Chengdu, China)

Abstract: With the rapid development of renewable energy, the electrical power system typically suffers from the energy
consumption and power supply and demand, which drives the development of electrochemical energy storage. The
battery performance directly determines the electrochemical energy storage efficiency. In terms of reserves, safety and life
performance, lithium-ion battery cannot require the demand of the new electrical power system. In the future, various
batteries with designed and tunable properties together serve the needs for energy storage. Here, we provide an overview
of lithium-ion battery, sodium-ion battery, sodium sulfur battery, and all vanadium redox flow battery, supporting the new
development of batteries in the electrical power system.

Key words: energy storage battery; lithium-ion battery; sodium-ion battery; sodium sulfur battery; all-vanadium flow battery
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Discussion on the Application of Plasma Treatment Technology for Hazardous
Waste

HU Chunyun',JIANG Taibo*
(1. DEC Academy of Science and Technology Co.,Ltd., 611731, Chengdu, China;
2. Chengdu Huanfu Technology Co., Ltd., 610213,Chengdu,China)

Abstract: The application status of hazardous waste disposal and utilization technology is introduced, and the basic
principle and system composition of plasma treatment technology are discussed.This paper focuses on the analysis of the
domestic demonstration application of plasma treatment technology cases, compares their advantages and
disadvantages, and puts forward the difficulties, countermeasures and suggestions for the industrial application of plasma
treatment technology.

Key words: hazardous waste; plasma; plasma treatment technology; plasma gasification and melting integrated furnace

HEEREDCH OB L ENLE . SHEEA
MIPANTT T . H AT JCHE fe Ak B DABE B AN 2 43Iy
X5 BRI B E PSRRI RA VLA
[l WA AT 0 (el OS5 2 3 R e o BT AS R RS
R, SEFEAIE MR AT DAL Y45 3 5 4 4
IR

[l 5% A AL R T LAAE — @ R B St Bl fa e IR
AL ToF A ARER, (B [l SE el 2 AR
BB K XSGR, W R AT i
—BALE; FIR R RS R S A g, H
BIRAE TG G fER R R A e A
SRANH R KI5 e AR G T S S A ] OO AR

Wi HER: 2022-06-13

B BB RS2 PR et . i 2K
A REG Gzl 2R, KA REN ZIRekk
Y. BRI, A% G fG i R Ak BN F BOR A7 A
—EMINHFIR, PR e .

ST R SE I IR AT B A e T
WAE SR, T T EER . Mbea AR, W]
A B e i B, FR R AT AT AR A
AT s TOHUYAE IR 8 R T T R 2 0
#, FTEEAEEAEA R B E A B 5
Ji& 2 Ry 3 I B Jm SE BB R IR ACR

S5 T AL PG RS IR W [ A A A S
BEAL B HAR, SEEVE R WM AR T RN 3 [

HEEWB: W& ARG AR IR EBRITR: BIH %5 2022NSFSC0024.
EZEN: IFEZ01986—), 5, 2010 {EHML T P2 508 KRR 5300 TR RS ) LR R LR &k, Bit, @I, BER
U5 RS BB A BOR B T A PR 2 =) 32 2SR BR S REOR B A TAE



?ﬁ?‘%‘ﬁ"f‘fﬁk\ 2022.9.25 | #36%V01.36/ 514358

DONGFANG ELECTRIC REVIEW

Tetronics S5 &S T Rz E . Hil, H
WmARRE B NS B TRk AR A A 5 A LI E P2 4k
HliE, . R, PERESEM AR
T 2 BRI ES TR E, SeI T Tk
WoRTERH -

1 EBEFHRAER AT

HE TN AR, SEE. |
SMREII, R CHIUET , 2R KEM AR
FELAT) b A2 AR AR A T AR FL S 1 A B 2
RN, ER AP SEERE . BT BMKES
5001 B HEEEEREE IR A R BN R, B
WA R BAPE S  W RESE AR, R
T 5% 1R — R S T A S B L ) E R KT R
2,

S5 T AR Ak P M A T AR AR D IR AL B AL
FIRM T EHFM TR S HM > 7
W EE TR R ES S e R Ak
BAL SR SN, b A B 2 S NI R RS
P&, RS el 22 A 2 3 Al 2 xR
FAEEAREARAGIR S8 TR RA R
e B YE,  BE R FIAL 2 N RER, TR
HRPBEER; BTy — i, mRe R
(I AAGIE, T DR Y B A s I, TS
S RIEIRACR . EE TR AT T & G el
R, AHESE S TR R R, A
MRA B BR 7 —WEIEA R AT 2% A

PG AL E AN B2 [ N3N 15 R BR[OS JEE
%, EREAE LTS, AP, 555 TAREL R
FAERE . R ARFIRIR I R SEHEVE R
R, 858 T I ALBREOAR B T AR I ON fE B R
P RE B A LA T A PR S PR AT

FUAG, P S5 3 TR E 2 A B T L TR
VG V5 GARHIbRAE T E . (BRI beis G
PEHIBRAE) 2020 ROHLE, fERRYIMRL. #ui. <
A R A B Y (175 BV HESORAE, 35 % T
K] 575 Ged il AR e BUE A B ORI AR E R, T S AR
PRIEAT . DRI, S5 TR LA A B R BOR
e RJT R AN AV AL N T AT 2 25 s b . $2 MR SE sk
PBERETS YA b e, SE IS RS B T e 2 A
PG E AL BEHERL R S8 AR T AL RONE

6

ERTHRRERRG. WHEHERH RS R
F. ORPERYT (5 SNCR L) « SRR HEHLA.
SAE. TVENR RS, MiSkhAss. Bk R
G L5 ARG LA KA R G

2 ENEETHRLER AN

2.1 FBRFHRRBIFRARLIENL TREIKEY

IR BARAEIAA R T2, 8H X
WKy “Ze7 B “ARR” o RESERIENEE
TRAL BB LT g6 T 45 T R R Ak AL T
WAERRY), R 22T 5 00 E ORI Ta
TETT R 1 Ab PE 2 SR 55 R AR LTS BeM 1 45
BT R R .

SR TR R R S, SR A
KEALFAP AR THTRR S5 88 7R I LI AR T4
WIERIRYIEZ, AVMESEE TIRELE TRER
AR MAEE SN A, TN 1 Rl 8 R B
PORBIEE: RN TR E b, MR A%
TR MR BRI RIE R R, B2 IR
BB 108 E TR B TR R R E

HT 1% 55 B 1 A 2R A (10 e S AL 1) A 1
B, TV NI T B AL s beid e A 8
L EPEHIT ARG, SN R AR DA R, 2R
AR ITCE R A, TER SRR, SET
RS UL — F8 e B DASKAR I 1) 05 A% 3 45 4 4
AR, AP A AL A SRR AR A AR BEICR AN
o SR TR R R I AL HERE 7 52 [ A S
ERGNEETR ESESTINI DY N

o3 8 Az

[ T |
i I 5
o Stk

BABAREHO
—>

l

SREEHA

| FETFHRRBEMIPREE



2.2 FEFIERIPRARIE C IR R IRIRE

FETRIBRP R IR E S I EER . =
REE 2 B AR, ISR ER AL SR . R AR,
YIRLE NG Be PO FHR A TE O RS S I s |
08 R R R L 2, OB S T B A
Mo 55 B RIS Rl R R AR 55 B8 R R AR 2R R
BIANTE], ] 43 A5 B - A K I Rl R A 2 PR S5
TR PR 55 B R Rk w] b 2 by 3 4 e
RIK SR AR ST E S GRS ) .

TLIREETL 30 Wi/ R KIS R H o 2 40 Wi/
RCINE R H YR B 2 B £ s B S 25
FE R AL IR B IR AE BRI, LT3 T08) 8 100 Mi/4F15%
RRIGTE 7M1 /A R 5 YR A 2 RS
AR S Rl A B A B PR DS R . KK A
Pei5ve, HETIUATE ¥ D @A RNIEE .

A 5 H AR B TN A R s TR B T
IR, ARG RAC, AR T H 5)
SR, DR S B AR B I Rl 1 s AT 2
Bif, HEEA RSP RG] AR S S
AR A, B — 5 R AL R A

B

B
CEAERRIER
IR M

R
B — >

eyl
T S

CoE— | &
SEFIE i
(9% 1 — o
—

RF—E)
YPIERAERER

EETEERP _
AEREBIREE FINER

2 mMEFETFIERP R EE

23 FETHSNUERMESLIERIEREY
2.3.1 BERFBEF S LI — LR

SR TR AR B AP R R R R A
HER TR BRA IS —RAE,
FHEM A APV ERES TR TN R, =S
ST AR BR[N]
S8, T SEBL R RRIE A . S5 BT R
Mt R SR 8 E R AR R SR, S5 A
M2 ARSI S B T A R BB . 1B 3 ]
PR 588 B 1 MR AR i — A 5 R R s B R R R
B, —idp o A B WIRHAR J2 s BB R
B =5, AP ARIRE DT 58

:'F,é”‘?-i?:-"f‘f'ik\ 2022.9.25 | #36%V01.36/2 514358

DONGFANG ELECTRIC REVIEW

Wl FE TN BL AR AL
NE B KR R SR

TR LD AR FE A AR L BRI AT 75 /R [
RSB TR — R &, T A Bl
PR A RS TR . RIS PEIR . TR TR IR S
FHRIRI S8 2 b T RSG5 PR o

I8 X PR S5 1 1A A i — R P AR B MR
ARSI GRS RV, R8T SN 52
B S i AR R B, N TR R4
SN RERE R o TR, e 5 v 0 A S R T
Pt 8 N 2 AN G e S R AN A
R — AP ORI SE T, R — R RO AR A A R
[F]

Fie/maTE
BERES
SRR =
S AETE &
2 BREES =
(iﬁg{fié %
-
e i #
SRR sES i
Tewnn | @) ERF— R &
Fi2
=RR, SHFHSH
—_— — 4
R e S [ T
—RR
St
SEFNE L am
e, B

EEFRSMER—TEE SRR RIS

3 BRERFEFHSUBmM—IFrR RN TREREE

232 FBE TSRS LR

S5 TR Bl A R R IRl R A
AR5 8 1 A A R o R 2 ) A 7 1 B I 45 N R
17, JRIE e i AP R A HL B AL D 5
o BRI 2 a1 R N S A A R S
MRS ALAL B, AL RE R I — B R A
W E

Lo T R fa R R M 4 & A B H 2 W is s
TEEE TRSE R AR E, PR
AR BRIt AL ERE ) 2 JImi/4E, WALE
18 KERAWEKIEY . | IR AR SERSE R R 47 6 4L
B H @ RsE T — &S H TR R A
WE, PR ERTBOR, Wit E R
0.99 Jimli/£E, WALE RAHE RS & A PLE R
Yoo RV S ST MR . GeRliRkUEY . A
HUB IESE IR R B LG G LR ) o

B 4 NTT IR A TR H A R A - 55 B A

7



:'F,é”‘?-i?:-"f‘f'ik\ 2022.9.25 | #36%V01.36/ 514358

DONGFANG ELECTRIC REVIEW

MR R B R, ZRESEA e RIR 2]
W IREE,  t IR sIE e B i AR AR AL
I RURLIR S8 6 R IAE — & U I A E T R B
A s BOREIR & B R AT A AAE A P SR AR
&AM TR E R AR 2 =
JIRER KV B AR, AR i AR
KB AR H . RMSREE AR B R )R, S
P I BRERTIARER, o ik e B ik NS5 B T 1A%
R SIS R AL AL B

SPpaRS
2]

— St

SR, T SperEa

\ ERIPIRS,
R

Syt PP

B YERKP b
—

B 4 RUCRSH-FEFHRERIFIPEEREE

F 155 B R RAE S o 1 e i AR, A
TENSMAS SRR NS T 28], FihsE
BB R 25 A ORI, S5 8 T a7 it
AT R R AR AR, SRR T E%
PRS2 5 R AARIE ) S E T, HER
HI K FHEY . SAEFER T Ewsh& 5
R I T 2B R A 2 A R 2 AR A, 5 3004 il
W AR TS RAER . m T, R R
Mg G BT, R TE AR . R E T
AL 2] S5 A fdt— 4 .

24 EEABNEEFHREMNELERKEY

TR i i 3 Al SR FH TG SRR A R 4 B T
ISR R BHAR, T —E 5000 B/AE 1
BHE - WU MRS RE MR EAEE, T2
FEVE W 5.

TR IR ARSI R AT A R R
GG, e S Ik A B kN 8] % X0 A
W1, A HLADTE (B4 B T S AR 9 52 A0 i

8

AR SRR . IR 22 T AR R
(RIZK P v 2 RN G 2 L PR Bk S PR s 2 L i
NG BT AR R S BB AL BE . B S e
A I RE R e SIS, eI AR AP e 2R I
I MR SAEFR IR 7 AN IR AR . ST
Hw R A B R TR O R NS
AL R G AL

i) RS
S
RS

| —
'
®

o
Ll KL ESZLREN Eepemppm—m——"
l AR

S (B4

SETNERP

Bl 5 TEARIFFAISE TG ELESB TZREE

TCE IR T IR G IRYERL. iS5t
TEACRI 3, TR . Bk &= . A
I, TR AR A AN S B A A Rk ik ) A BB AR
RACS 75, LR RN IR FUL b [R) Ab BE AR B 2
SRR AN A R BRI, A RE SEEL P [FAN B
IZIN
25 IHERFBEFETFRBMEERERKE
Y|

AT, NG EY) ml % a5 or G R =R
IR, FRIE IR E R, A2 [ b S
AKim. B, WRIEIA Bl 25 et , TFR RIS H
TEL S 5 B RIS AR S e B, AR
BRNPIES I, PRIRERGEEBITHRAR. ST
PRI BB T A AT A, IE NP A Fe A L RE B
FH R # s

P 7R, VU AN LR Bl B A A R S 5
HPRIEREAR, SRl sasE 173 AW/ 1/
/SRR AL EE B . B 6 N Rl EAE e b #5552
THramp R E R B E, RACE S RS R R
AR A K E BN T, SEIAE bR (1)
PEFEAL AL PR

Z P RAWLIE IR V25 6 i 3 i Se 4 ) [l
AR B, SR ARk IR B 2 R BN



S AR AT B AL AL BE . R BE e B
YRR . LKA MBS HER B 2 SRR R &
BETr e, HELIRD TANY. BRI
FEI T2 ah & 51 EAR & 5 B 7 4 il T 2R
BARSRAF IR 2L, = SBUGRIS R T 2R
BARIEESR . A, (Bl A ey i £ 46 2 TR HoR
WIHLERANE M D 3R A it — D0 Ie, TR 2 [H)
METIEARRE R, AR 2R ARG T Z

:'F,é”‘?-i?:-"f‘f'ik\ 2022.9.25

DONGFANG ELECTRIC REVIEW

#36%:\V01.36 2 514317

o 7, B P RSO ) IR [ B 2 A o i )
SR TR R — R AP AL B TR R VAR
WR, EESERN 55 T AU R — i £
HIRAIAE, WE IR AL E RS R
RGN TR, Wt el seB PR a P 1 T 2R+
BATE R, PR BB ST AR .

(SE R R RETS ez hbRiE) 2020 FHLE ,
TS MR E M R E . HAT, kR

Bk BB T AL ER T L IR AT 5 e Pl
— WERTIREAR . L T P B T R 4
T E SRR . WS T R TR HES
» P R IE Fh 3 17 e o 75 S 3 B B
Rt S 5 S s e P b e . BRI, 12
B R AP 5 2 T T A AR L — P B S —
wn € © wmmnymes ity 2o WS — R BCRIKIE, AEG%
— 0 1Y £ 5 s R S A B A L
e S— ona v PR
BN
o 3 EREETFHRLMERANS AT
%ﬁmgééiﬁm R 14 0228 T M A0 7556 97 ) 156 B8 T A T 4 A

6 B EREIFBEFEFIEMEERNEE

2.6 HitbFBEFALEEA

B 2/ e R RN, TR MES .
CEEIBAT A A n) L, 2% 1 I e A B A hb B
BRI SR AT TGN LR

* 1 ERFEFHROERARR MR

. wo
o EET ANTEIH pprr 18T R
CERIAN i ke o B i e
RO, B ‘
LW TR BOE B RELLER, Tl oo REAHERYICE. 1K
P2 2. F R
o 405 e T K A TR 5 4 8 08 (10 4
) gy PR ORRBBORER KA, RIEE M R AR
" FwabmE R Ee T R B PEER I RS B,
WE. I
WAL Aol B R i
o BN B Vi, BLRS U
K. PEEES. - WRERAERTE, TR Afsobickn, conr G VLT
3OMOERE R BRI, BB ET . Eh R, i R e e ME TR
R BRI BT %%%ﬁﬁégﬁ
P A TR
IR 4%



:'F,é”‘?-i?:-"f‘f'ik\ 2022.9.25 | #36%V01.36/ 514358

DONGFANG ELECTRIC REVIEW

), g LK
1 G SE B il A
o U DS ERENGE o . DRI R R B
SR MBS " UKL, SRR, S AL T
PR T G S
B AT 45 P
e WA E RS / e \
LA o, ooy w8 SIUSET BRI S EASETHUREIREI s s mn o
5o LRI B BT, ST O, O
s B WYE. Mk An i i A ) S SIEL RS
g o S e, UL .
Ve o
it 27
we B A EREMGS L BRI, TEME o EARTR G
¢ m&  wERE% BB e e, DOUN BEBEERAR e rmion.
il
B
B \ Wb, ARG, SR
7omE B ERERES g R e meusiombioe e et R
AR WL, RSN R
— kg
4 45iE HTZmAE, e Rgnn SEre .

B TR AL BB R TV AR R A RE T A
] ) P 5 125 1 A1 D S 6 R 0 A AR B A 2 S N 1)
s PR, R e R EAL S SRR, R RSt
1) PA T ISR i1 = SR 1 e i O &= ST | 3
SIS SRy — R OU BRI . L, TR e A
TR S N ) T E T SRR e 1, g g 4F
B R PR 5 R ) B

LR M N AR B T BOR NI, B2 PRAE
TS TR A I R — AR R [ B e A o T ) 4 S T
SACKERP E R RE . LW EEMEMER G I AT A
X, BATRCKIIN A Rt 5. B, 5N
SRR O N SR T, TR RIS TR
SRS PR PC S, B sR PR G B %2R
AL AR PRI R N 206, 58 35 55 B 1 i Ak

PRI, 4 B AU A Rl — A BOR BT e BBk
SN, SRR E I E R A
XGRS RREAT 73 K FUL P, e RIS TS
WIERLAE PR e ae . RN T A 3. HoAth 5%
B TR PEEOR, RARIEAF X . A F R fa
IR AE AR, ARSI 5, O Rede L
REZGEE.

S E

[1] #%, MR, HERE. S5 TR RLE Gk E Y2 P
ZH[]. AEERHE, 2010, 23 (S1) :40-42

[2] Mk, Z=VEiE, TRATESE. WaRLR SIS bedr 721G 4047
MBI ERZRT]. A B TR, 2020 (4) :238-239

[3] REBH, AT, 66475, (RS E P RREAR D] 1k
L3RR, 2002 (2) :111-114

OO O XA XA A A A KA XA A D XA XA XA XA A XA XA A D 7 XA XA A D D XA XA D D S A XA A D XA XA XA D D XA XA D D U S A D D U7 S X O M

EHFE [E

R BERRETESNHA

KiFel FEEIRENB

9A 8 AR, LA, AHAXARNFPHRITESEIAKLIAANE, PARARIEZOE, AP
S, HERS, FAENR, AhSHEFAEAEREOEY. £, ARSI R., ITEKEIAE A
RAZERAHRARC_BEALITAEN S L3R ARRHENAR, ZABWRIFAR, HREEATA
EEER. HRZAT BEABE R T REG—F, #t—F5FEFA) SERAM, FEES B SK

A AR N E R

10

KR ATEAN


http://epub2.fff.gou5juan.com/download.php?filename=vQDcrdjcL90QSlENaZXRPBDMn1kY5RDbYlGavUWR4ZVNKVlVWNGVHNnaBVWcnZXTWJlNHNndURkaQh0ZwYleRlzM1YHNGlDZ1QTduRnY2Y3TOd1ZWFGVK12K6FFa5onaxdmbC1kdoxUR3AFZxc2Spd0cRBTcMdUa&tablename=CJFD2010&ddata=JSHJ2010S1015|CJFD2010|%E7%AD%89%E7%A6%BB%E5%AD%90%E4%BD%93%E6%8A%80%E6%9C%AF%E5%9C%A8%E5%8D%B1%E9%99%A9%E5%BA%9F%E7%89%A9%E5%A4%84%E7%90%86%E4%B8%AD%E7%9A%84%E8%BF%90%E7%94%A8|%E9%BB%84%E9%9D%A9; %E6%9D%A8%E5%8D%8E%E9%9B%B7; %E9%9B%B7%E9%87%91%E6%9E%97; %E5%AE%8B%E6%B5%B7%E5%86%9B|%E7%8E%AF%E5%A2%83%E7%A7%91%E6%8A%80|%0A2010-06-15%0A|%E6%9C%9F%E5%88%8A
http://epub2.fff.gou5juan.com/download.php?filename=vQDcrdjcL90QSlENaZXRPBDMn1kY5RDbYlGavUWR4ZVNKVlVWNGVHNnaBVWcnZXTWJlNHNndURkaQh0ZwYleRlzM1YHNGlDZ1QTduRnY2Y3TOd1ZWFGVK12K6FFa5onaxdmbC1kdoxUR3AFZxc2Spd0cRBTcMdUa&tablename=CJFD2010&ddata=JSHJ2010S1015|CJFD2010|%E7%AD%89%E7%A6%BB%E5%AD%90%E4%BD%93%E6%8A%80%E6%9C%AF%E5%9C%A8%E5%8D%B1%E9%99%A9%E5%BA%9F%E7%89%A9%E5%A4%84%E7%90%86%E4%B8%AD%E7%9A%84%E8%BF%90%E7%94%A8|%E9%BB%84%E9%9D%A9; %E6%9D%A8%E5%8D%8E%E9%9B%B7; %E9%9B%B7%E9%87%91%E6%9E%97; %E5%AE%8B%E6%B5%B7%E5%86%9B|%E7%8E%AF%E5%A2%83%E7%A7%91%E6%8A%80|%0A2010-06-15%0A|%E6%9C%9F%E5%88%8A
http://epub2.fff.gou5juan.com/download.php?filename=vQDcrdjcL90QSlENaZXRPBDMn1kY5RDbYlGavUWR4ZVNKVlVWNGVHNnaBVWcnZXTWJlNHNndURkaQh0ZwYleRlzM1YHNGlDZ1QTduRnY2Y3TOd1ZWFGVK12K6FFa5onaxdmbC1kdoxUR3AFZxc2Spd0cRBTcMdUa&tablename=CJFD2010&ddata=JSHJ2010S1015|CJFD2010|%E7%AD%89%E7%A6%BB%E5%AD%90%E4%BD%93%E6%8A%80%E6%9C%AF%E5%9C%A8%E5%8D%B1%E9%99%A9%E5%BA%9F%E7%89%A9%E5%A4%84%E7%90%86%E4%B8%AD%E7%9A%84%E8%BF%90%E7%94%A8|%E9%BB%84%E9%9D%A9; %E6%9D%A8%E5%8D%8E%E9%9B%B7; %E9%9B%B7%E9%87%91%E6%9E%97; %E5%AE%8B%E6%B5%B7%E5%86%9B|%E7%8E%AF%E5%A2%83%E7%A7%91%E6%8A%80|%0A2010-06-15%0A|%E6%9C%9F%E5%88%8A
http://epub2.fff.gou5juan.com/download.php?filename=vQDcrdjcL90QSlENaZXRPBDMn1kY5RDbYlGavUWR4ZVNKVlVWNGVHNnaBVWcnZXTWJlNHNndURkaQh0ZwYleRlzM1YHNGlDZ1QTduRnY2Y3TOd1ZWFGVK12K6FFa5onaxdmbC1kdoxUR3AFZxc2Spd0cRBTcMdUa&tablename=CJFD2010&dmark=pdfdown&ddata=JSHJ2010S1015|CJFD2010|%E7%AD%89%E7%A6%BB%E5%AD%90%E4%BD%93%E6%8A%80%E6%9C%AF%E5%9C%A8%E5%8D%B1%E9%99%A9%E5%BA%9F%E7%89%A9%E5%A4%84%E7%90%86%E4%B8%AD%E7%9A%84%E8%BF%90%E7%94%A8|%E9%BB%84%E9%9D%A9; %E6%9D%A8%E5%8D%8E%E9%9B%B7; %E9%9B%B7%E9%87%91%E6%9E%97; %E5%AE%8B%E6%B5%B7%E5%86%9B|%E7%8E%AF%E5%A2%83%E7%A7%91%E6%8A%80|%0A2010-06-15%0A|%E6%9C%9F%E5%88%8A
http://epub2.fff.gou5juan.com/download.php?filename=vQDcrdjcL90QSlENaZXRPBDMn1kY5RDbYlGavUWR4ZVNKVlVWNGVHNnaBVWcnZXTWJlNHNndURkaQh0ZwYleRlzM1YHNGlDZ1QTduRnY2Y3TOd1ZWFGVK12K6FFa5onaxdmbC1kdoxUR3AFZxc2Spd0cRBTcMdUa&tablename=CJFD2010&dmark=pdfdown&ddata=JSHJ2010S1015|CJFD2010|%E7%AD%89%E7%A6%BB%E5%AD%90%E4%BD%93%E6%8A%80%E6%9C%AF%E5%9C%A8%E5%8D%B1%E9%99%A9%E5%BA%9F%E7%89%A9%E5%A4%84%E7%90%86%E4%B8%AD%E7%9A%84%E8%BF%90%E7%94%A8|%E9%BB%84%E9%9D%A9; %E6%9D%A8%E5%8D%8E%E9%9B%B7; %E9%9B%B7%E9%87%91%E6%9E%97; %E5%AE%8B%E6%B5%B7%E5%86%9B|%E7%8E%AF%E5%A2%83%E7%A7%91%E6%8A%80|%0A2010-06-15%0A|%E6%9C%9F%E5%88%8A
http://epub2.fff.gou5juan.com/download.php?filename=vlUMVVjbvBXO3BFarkXeoZzLyUXam9yK1MzYxQGTDJjQjZ0YvV0YwtWaZ9mdFd0NCp2SpZmRiBlRrdndO90ShdVarRFa4E1MGdjMwMFR1IEcRhETkh0NGhmWlFEU2MnZDR0KvQTemNla4JGaqtEbqRUN0NGSYhkU&tablename=CMFD201301&ddata=1012488631.nh|CMFD201301|%E5%90%AB%E6%B0%9F%E6%B0%AF%E7%B1%BB%E5%8D%B1%E9%99%A9%E5%BA%9F%E7%89%A9%E7%84%9A%E7%83%A7%E7%81%B0%E6%B8%A3%E7%9A%84%E7%86%94%E8%9E%8D%E7%89%B9%E6%80%A7%E7%A0%94%E7%A9%B6|%E9%92%B1%E5%89%91%E6%9D%B0|%E6%B5%99%E6%B1%9F%E5%A4%A7%E5%AD%A6|%0A2011-12-30%0A|%E7%A1%95%E5%A3%AB
http://epub2.fff.gou5juan.com/download.php?filename=vlUMVVjbvBXO3BFarkXeoZzLyUXam9yK1MzYxQGTDJjQjZ0YvV0YwtWaZ9mdFd0NCp2SpZmRiBlRrdndO90ShdVarRFa4E1MGdjMwMFR1IEcRhETkh0NGhmWlFEU2MnZDR0KvQTemNla4JGaqtEbqRUN0NGSYhkU&tablename=CMFD201301&ddata=1012488631.nh|CMFD201301|%E5%90%AB%E6%B0%9F%E6%B0%AF%E7%B1%BB%E5%8D%B1%E9%99%A9%E5%BA%9F%E7%89%A9%E7%84%9A%E7%83%A7%E7%81%B0%E6%B8%A3%E7%9A%84%E7%86%94%E8%9E%8D%E7%89%B9%E6%80%A7%E7%A0%94%E7%A9%B6|%E9%92%B1%E5%89%91%E6%9D%B0|%E6%B5%99%E6%B1%9F%E5%A4%A7%E5%AD%A6|%0A2011-12-30%0A|%E7%A1%95%E5%A3%AB
http://epub2.fff.gou5juan.com/download.php?filename=vQDcrdjcL90QSlENaZXRPBDMn1kY5RDbYlGavUWR4ZVNKVlVWNGVHNnaBVWcnZXTWJlNHNndURkaQh0ZwYleRlzM1YHNGlDZ1QTduRnY2Y3TOd1ZWFGVK12K6FFa5onaxdmbC1kdoxUR3AFZxc2Spd0cRBTcMdUa&tablename=CJFD2010&ddata=JSHJ2010S1015|CJFD2010|%E7%AD%89%E7%A6%BB%E5%AD%90%E4%BD%93%E6%8A%80%E6%9C%AF%E5%9C%A8%E5%8D%B1%E9%99%A9%E5%BA%9F%E7%89%A9%E5%A4%84%E7%90%86%E4%B8%AD%E7%9A%84%E8%BF%90%E7%94%A8|%E9%BB%84%E9%9D%A9; %E6%9D%A8%E5%8D%8E%E9%9B%B7; %E9%9B%B7%E9%87%91%E6%9E%97; %E5%AE%8B%E6%B5%B7%E5%86%9B|%E7%8E%AF%E5%A2%83%E7%A7%91%E6%8A%80|%0A2010-06-15%0A|%E6%9C%9F%E5%88%8A
http://epub2.fff.gou5juan.com/download.php?filename=vQDcrdjcL90QSlENaZXRPBDMn1kY5RDbYlGavUWR4ZVNKVlVWNGVHNnaBVWcnZXTWJlNHNndURkaQh0ZwYleRlzM1YHNGlDZ1QTduRnY2Y3TOd1ZWFGVK12K6FFa5onaxdmbC1kdoxUR3AFZxc2Spd0cRBTcMdUa&tablename=CJFD2010&ddata=JSHJ2010S1015|CJFD2010|%E7%AD%89%E7%A6%BB%E5%AD%90%E4%BD%93%E6%8A%80%E6%9C%AF%E5%9C%A8%E5%8D%B1%E9%99%A9%E5%BA%9F%E7%89%A9%E5%A4%84%E7%90%86%E4%B8%AD%E7%9A%84%E8%BF%90%E7%94%A8|%E9%BB%84%E9%9D%A9; %E6%9D%A8%E5%8D%8E%E9%9B%B7; %E9%9B%B7%E9%87%91%E6%9E%97; %E5%AE%8B%E6%B5%B7%E5%86%9B|%E7%8E%AF%E5%A2%83%E7%A7%91%E6%8A%80|%0A2010-06-15%0A|%E6%9C%9F%E5%88%8A
http://epub2.fff.gou5juan.com/download.php?filename=vQDcrdjcL90QSlENaZXRPBDMn1kY5RDbYlGavUWR4ZVNKVlVWNGVHNnaBVWcnZXTWJlNHNndURkaQh0ZwYleRlzM1YHNGlDZ1QTduRnY2Y3TOd1ZWFGVK12K6FFa5onaxdmbC1kdoxUR3AFZxc2Spd0cRBTcMdUa&tablename=CJFD2010&ddata=JSHJ2010S1015|CJFD2010|%E7%AD%89%E7%A6%BB%E5%AD%90%E4%BD%93%E6%8A%80%E6%9C%AF%E5%9C%A8%E5%8D%B1%E9%99%A9%E5%BA%9F%E7%89%A9%E5%A4%84%E7%90%86%E4%B8%AD%E7%9A%84%E8%BF%90%E7%94%A8|%E9%BB%84%E9%9D%A9; %E6%9D%A8%E5%8D%8E%E9%9B%B7; %E9%9B%B7%E9%87%91%E6%9E%97; %E5%AE%8B%E6%B5%B7%E5%86%9B|%E7%8E%AF%E5%A2%83%E7%A7%91%E6%8A%80|%0A2010-06-15%0A|%E6%9C%9F%E5%88%8A
http://epub2.fff.gou5juan.com/download.php?filename=vQDcrdjcL90QSlENaZXRPBDMn1kY5RDbYlGavUWR4ZVNKVlVWNGVHNnaBVWcnZXTWJlNHNndURkaQh0ZwYleRlzM1YHNGlDZ1QTduRnY2Y3TOd1ZWFGVK12K6FFa5onaxdmbC1kdoxUR3AFZxc2Spd0cRBTcMdUa&tablename=CJFD2010&dmark=pdfdown&ddata=JSHJ2010S1015|CJFD2010|%E7%AD%89%E7%A6%BB%E5%AD%90%E4%BD%93%E6%8A%80%E6%9C%AF%E5%9C%A8%E5%8D%B1%E9%99%A9%E5%BA%9F%E7%89%A9%E5%A4%84%E7%90%86%E4%B8%AD%E7%9A%84%E8%BF%90%E7%94%A8|%E9%BB%84%E9%9D%A9; %E6%9D%A8%E5%8D%8E%E9%9B%B7; %E9%9B%B7%E9%87%91%E6%9E%97; %E5%AE%8B%E6%B5%B7%E5%86%9B|%E7%8E%AF%E5%A2%83%E7%A7%91%E6%8A%80|%0A2010-06-15%0A|%E6%9C%9F%E5%88%8A

:'Fj"?-l’?:\'ff'fﬁ\ 2022.9.25 | #36%V01.36/2 514358

DONGFANG ELECTRIC REVIEW

RIFEUWER SANEROERITIEHFBRE

Flgs? ka2 FEHM ToE!
1.5ABSERARNFEAHFRREERAT, KEB 611731; 2.AERIEARZE, HKE 610031

A g bl

WE: AE g s SRS EFEGERET, SERFLERSIPEFATTELAERE, BAKPRARE, K
FE A g AN 77 8 3 AR Ak 1) 5B iR R R AR S AT A48 5 R AT B A Bt B AT by X6 A R 4R R T S AT AR
Ab & j) o eI B A 1B RSN GG AT IR B ARE T R AR £ B 5B R R B B RN AR E AR, AR R
IAERE T E B

XBFE: FHELER; pIAE; REXS: HFEL

hESHES: THI6S XEAFRIRED: A XEHS: 1001-9006 (2022) 03-0011-04

Research Progress on Batch Scheduling Optimization of Flexible Job Shop
Problem

SHI Zhiyuan'?, YAN Fugian®, ZHANG Jian?, LI Jinghang', WANG Liwen'
(1. DEC Academy of Science and Technology Co., Ltd., 611731, Chengdu, China;

2. Southwest Jiaotong University, 610031, Chengdu, China)

Abstract: In order to adapt to the demand transformation of batch production mode for job shop scheduling, the batch
scheduling problem of flexible job shop is summarized and prospected. firstly, introduces the flexible job shop batch
scheduling problem from the two aspects of problem description and solution strategy; secondly, summarizes the current
research status of flexible job shop batch scheduling problem at home and abroad from the perspective of equal batch
and flexible batch; and finally puts forward the problems that need to be further studied and improved, Suggestions for
future research work are put forward.

Key words: flexible job-shop scheduling problem; batch scheduling; batch splitting; sorting optimization
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Research on Intelligent Nesting Algorithm of Serpentine Tube Spare Parts
using Integer Linear Optimization

LI Yong', YIN Qingwen', WANG Chuan?*, MIAO Yuhong?, LIN Ruiqi'
(1. DEC Academy of Science and Technology Co., Ltd., 611731, Chengdu, China;
2. Dongfang Boiler Co., Ltd., 643001, Zigong, Sichuan, China)
Abstract: In view of the high-value and high-yield characteristics of raw materials in the current serpentine tube production,
a nesting algorithm based on integer linear programming which could raise the material utilization in the serpentine tube
production is proposed. Firstly, the serpentine tube production problem is modeled as an integer linear optimization
problem; Secondly, all possible cutting patterns are generated according to the length and quantity of parts and materials;
Then, taking the quantity constraints of parts and raw materials as the constraints of integer linear programming, a
complete integer linear programming model is established; Finally, an integer linear programming method is used to
obtain the optimal solution, and the optimization result of the nesting algorithm is sent to the manufacturing execution
systems of the enterprise for automatic intelligent production. While improving the production efficiency of enterprises,
green manufacturing is realized, which brings huge economic benefits to the enterprises.

Key words: serpentine tube nesting problem; integer linear optimization; smart green manufacturing
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Research on the Influence of the Burn Out Air on Nitrogen Oxide Emission in
CFB Boiler

ZHOU Xu'?, LI Weicheng'?, ZHOU Qi'?, LIN Shanhu'?, WEI Geng'?,
GUO Qiang'?, ZHENG Xingsheng'*?
(1. Clean Combustion and Flue Gas Purification Key Laboratory of Sichuan Province, 611731, Chengdu, China;
2. Dongfang Boiler Co., Ltd., 643001, Zigong, Sichuan, China )

Abstract: Due to the need of circulating fluidized bed (CFB) boiler to further reduce NOx emission, According to the
formation and transformation mechanism of NOx in CFB boiler. The effects of bed temperature, oxygen content and burn
out air rate on NOx emissions were studied, The effects of burnout air on CO emission and carbon content of fly ash were
studied. The results show that burning out air has a significant effect on reducing NOx emission of CFB boiler. When the
ratio of exhausted air increased from 0 % to 16 %, and NOx emission value decreased from 137 mg/Nm?® to 70 mg/Nm?.
Burn out air plays a positive role in maintaining the stability of NOx emission when the oxygen content of CFB boiler
fluctuates, It is demonstrated that the burnout air technology has certain advantages in low emission performance of CFB
boiler.

Key words: NOx; burn out air; CFB boiler
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FHBRSEAFRARIPFRFRBERAR, M)l B3 643001

WE: ALTEHAET KAGISRE KT RE LT Efo b FERBR A T LTk, FHATAM T L7 EGXBRRIE,
BEEHTGUSRARABIEHEERARELE, BATHFRLHMY FRGBERMEE,

XHEF: GIISW; KmIRA; 17
hESES: TM621 XEAFRIRES: A

XEHS: 10019006 (2022) 03-0024-04

Research on the Forming Process of Large G115 Steel Elbows

LU Hong, ZHANG Jun, GONG Xuelian
(Dongfang Boiler Co., Ltd., 643001, Zigong, Sichuan, China)

Abstract: This paper mainly expounds the formation of the large G115 steel elbows by,respectively, medium frequency

induction heating process and hot extrusion forming process.The control temperatures and the heat treatment process

adequate for G115 steel elbow formation are identified through tests of the two process methods, ensuring the technology

preparation for the manufacturing of boilers with high-grade parameters.

Key words: G115 steel; hot working forming; process
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FHES (K& ) TEZTERAEMRAT, K% 611731

FE: HILFIA KA AR RS R R, B& R eI KeAuE, B & E3bE 4T 46 Kept hoig, U
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hESHES: TM621 ERFRIRED: A NEHS: 1001-9006 (2022) 03-0028-05

Analysis of Extraction Steam Heating Supply Retrofit Methods and Pipeline
Layout

WEI Lijun, LI Jiandong, HUANG Song, WANG Juan
(Dongfang Electric(Chengdu) Engineering & Consulting Co.,Ltd., 611731, Chengdu, China)

Abstract: In recent years, with the demand of heating and deep-peak regulation of thermal power units, qualified thermal
power units have begun to carry out heating retrofit according to plant conditions, in order to improve the comprehensive
utilization efficiency of energy and achieve the goal of energy conservation and emission reduction. At present, the
heating retrofit of 300 MW and above capacity units in China mostly adopts the technology of drilling steam extraction
heating retrofit and low-pressure cylinder cutting cylinder retrofit. This paper analyzes and discusses the similarities and
differences between the above two kinds retrofit technologies and the layout of steam extraction pipeline, in order to
provide reference for the subsequent projects.

Key words: heating retrofit; lower pressure cylinder zero output; extraction piping; expansion
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A Study of Air Pressing Energy Storage and Boiler Couple System
YU Shuilong

(Dongfang Electric International Corporation, 611731, Chengdu China)

Abstract: This article creatively proposes a coupling system of compressed air energy storage with power station boilers,
which effectively solves the problem of low efficiency, it could help the grid to absorb the electricity fully generated by new
energy sources and it can be used for peak shaving and valleys filling, and the grid runs more reliably.

Key words: compressed air; energy storage; compressed air energy storage (CAES); coupling
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Feasibility Analysis of Phase Il Expansion Project of A Gas Turbine Plant in
Shaoxing

YANG Zhen, DUAN Huiqing
(Dongfang Electric Co., Ltd., 611731, Chengdu, China)

Abstract: This paper analyzes the important supporting role of large-scale gas steam combined cycle generator units on

the social power demand in the region, and introduces in detail the advantages of H-class gas steam combined cycle

power generation in the expansion unit project and the risks that need to be paid attention to from the aspects of

technology, economy and environment, so as to provide reference for subsequent gas turbine projects.

Key words: H-class gas steam combined cycle power generation; social power demand in the region; risk point
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Horizontal Electrostatic-fabric Integrated Precipitator in Semi-dry
Desulfurization System

ZHANG Fang, ZHUANG Yuanfa
(Dongfang Boiler Co., Ltd., 611731, Chengdu, China)

Abstract: In view of the increasingly strict smoke and dust emission standards in China, horizontal electrostatic-fabric
integrated precipitator in semi-dry desulfurization system is discussed, and the operation data of application examples are
given, which provides reference and help for the selection of dust collector technology in semi-dry desulfurization system.

Key words: horizontal electrostatic-fabric integrated precipitator; semi-dry desulfurization; dedusting
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Analysis on Bearing Arrangement Type of Wind Turbine Drive Chain

ZHANG Sixiang', DONG Yuanyuan?, HU Zongqiu', ZHAO Wei?, GUO Wang'

(1. China Three Gorges Construction Engineering (Group) Co., Ltd., 610000, Chengdu, China;
2. Dongfang Electric Wind Power Co., Ltd., 618000, Deyang, Sichuan, China)

Abstract: There are three types of wind turbines: high-speed type (doubly fed, high-speed permanent magnet), semi direct
drive and direct drive. The difference is mainly the design of transmission chain. This paper mainly introduces several
layout types of transmission chain, the advantages and disadvantages of various types, which can provide reference for
design and type selection on wind turbine.
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Algorithm Design of Wind Power Blade Damage ldentification and Damage
Area Calculation Based on Artificial Intelligence

LIU Ping', HUANG Xiaobo', ZHANG Pei?, CHEN Jinjuan', MO Kun?, WANG Jun', HE Ting'
(1. Dongfang Electric Wind Power Co.,Ltd.,618000, Deyang, Sichuan, China;
2. DEC Academy of Science and Technology Co.,Ltd., 611731, Chengdu, China)

Absract: For monitoring and identification of the wind turbine blade damaged areas in equipment maintenance measures
of the wind power projects, one kind of recognition algorithm based on YOLO neural network is proposed to automatically
identifies the wind turbine blade damaged areas by the aerial photos of the wind field. Another kind of algorithm which is
based on traditional computer vision algorithms has been designed to match the befor one to extract and calculate the
damaged areas of the wind turbine blade. The algorithms proposed in this paper can intelligently and automatically identify,
track and manage the damaged areas and their changes of the wind turbine blade. The proposed algorithms also have
been tested, the experimental results showed that the designed algorithms are effective and accurate.

Key words: artificial intelligence; wind turbine blades; damage identification; damage area; algorithm
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Welding Manufacture Technology of Stator Frame of Monolithic Nuclear

Power Generator

LIN Song, FAN Ping, WU Xiongbin, ZHONG Lei, FU Yonggui
(Dongfang Electric Machinery Co., Ltd., 618000, Deyang, Sichuan, China)

Abstract: At present, the number of nuclear power plants and the total installed capacity under construction has reached
49 and 51,030 MW respectively which is highest in the world, after decades of continuous development and accumulation
of nuclear power in China. This paper analyzes the characteristics of welding structure and difficulties in manufacturing for
stator frame of monolithic nuclear power generator. According to the current international and domestic standards for
welding technicians, through progress and innovation of welding manufacture technology, has nuclear power product has
been successfully manufactured, and the technological achievements is extended to the welding manufacturing process
of other thermal power generating plants.

Key words: nuclear generator; stator frame; weld; locating bar; quality control
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Analysis of Influencing Factors of Hydrogen Cooled Generator Airtight Testing

Nuclear Power Plant

CHEN Nianshi, YANG Bowen, YU Qianjun, LI Xuning, WENG Yunfeng,ZHU Kehao, TIAN Lu
(CNNO, 314300, Haiyan, Zhejiang, China)

Abstract: Air tightness test is an important means to verify the internal tightness of hydrogen cooled generator. After the
generator is disassembled and repaired, it must pass serious air tightness before it can be put into use. Based on the
analysis of various factors affecting air test, putting forward the corresponding countermeasure and approach, and raising
the optimization measures actively, generator sealing inspection is carried out smoothly and leakage eliminating provides
effective reference value, thereby reduces the delay which due to overhaul key the path is not qualified by air tight test,
and provides a guarantee for the safe and stable operation of unit.

Key words: hydrogen cooled; airtight; leakage eliminating
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Electric Heating Scheme Design of Plenum in Sodium-cooled Fast Reactor
Steam Generator

GU Li, LIU Yanfang, GUO Zhengrong, YANG Yang, WANG Xiaoding
( Dongfang Electric Co., Ltd., 611731, Chengdu, China )

Abstract: During the start-up condition of the sodium-cooled fast reactor, the steam temperature in the plenum of the
steam generator rises from 250 ‘C to 480 ‘C in a short time. Due to the large wall thickness of the plenum, there is a
certain thermal inertia, which leads to a large temperature gradient between the inner and outer walls of the plenum, thus
causing great thermal stress. In the same way, during the shutdown condition, the plenum produces a thermal stress in
the opposite direction, and the circular secondary stress easily leads to creep ratchet failure or creep fatigue failure in the
plenum. In order to reduce the thermal stress produced by the plenum during the start-up process, an electric heating
device is set up on the outer wall surface of the plenum to make the outer wall surface and the inner wall surface heat up
synchronously. Through reasonable electric heating power design, the maximum thermal stress is reduced by about 60 %,
which greatly improves the safety of steam generator.

Key words: SFR; steam generator; plenum; thermal stress; electric heating
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The Assembly Quality Improvement of Large-scale Pumped Storage
Centripetal Tower Magnetic Poles

WANG Changmei, YANG Yuewei, ZHANG Xiang
(Dongfang Electric Machinery Co., Ltd., 618000, Deyang, Sichuan,China)

Abstract: Large-scale pumped storage units have the characteristics of fast speed, high manufacturing accuracy, and

complex operating conditions. The magnetic pole adopts a centripetal tower structure to eliminate side tension. The high

standards of manufacturing and assembly bring unprecedented challenges to the traditional process. For the problem

handling and process control of a large magnetic pole, an effective process plan is proposed to reduce the magnetic pole

assembly gap, and the quality is continuously improved and significantly changed.

Key words: large pumped storage unit; centripetal tower pole; assembly clearance; quality improvement
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Research and Development of Grain Size Detection Method for Quenched
and Tempered Steel

WANG Hongtao, WANG Hailun, ZHANG Juan, LIU Shengbo
(Dongfang(Guangzhou) Heavy Machinery Co., Ltd., 511455, Guangzhou, China)

Abstract:This paper is a detection method developed for quenched and tempered steel, which is difficult to corrode the
grain boundaries and difficult to accurately measure the grain size. According to the principle of metallology, the actual
grain size will not change when the metal material is heated at a temperature lower than the critical point Acs; at the
same time, heat treatment in a non-protective atmosphere furnace is often accompanied by surface oxidation and
decarburization. The actual grain boundaries of quenched and tempered steel can be obtained clearly by the
decarburization method, which facilitates the accurate measurement of grain size. The test results show that the real,
clear and complete grain boundaries can be obtained by the decarburization method on the surface of the sample, and
4% nitric acid alcohol can corrode. The operation process is simpler, and there is no environmental pollution. This
method has been used in the detection, and the effect is good.Experiments show that the grain size of the 20 steel
sample after heat treatment at a temperature lower than Aci does not change.

Key words:quenched and tempered steel; grain size; Ac1; decarbonization
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One of the Practicable Application on Distributed Hybrid Power Plant

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

Abstract: With China’s proposal and commitment to the goal of “carbon neutrality” at the 75th United Nations General
Assembly, the relevant renewable industry once again ushered in opportunities for rapid development. Restricting the
installed capacity or carrying out system configuration transformation on traditional energy sector has become one of the
possible ways to achieve the goal of carbon neutrality. This article provides a successful reference practice with
distributed and hybrid solution, which has implemented in one of country of Africa and has been proven cost-effectively for
solving the existing traditional energy consumption problems and the electricity accessing in remote areas.

Key words: distributed; engine-solar hybrid; isolated operation mode; investment cost
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KR Hbh; AER%; ALY
hENHES: TFSIS

XEAFRIRES: A XEHS: 1001-9006 (2022) 03-0076-04

Research on Reducing the Content of Na and Si Impurities in High Purity
Antimony

ZHANG Cheng, LEI Cong, LEI Yundi, JIANG Jiechang, YANG Wuyong

(Emei Semiconductor Material Institute, 614200, Emeishan, Sichuan, China)

Abstract: The content of Na and Si impurities in 7N high-purity antimony produced by chlorination, rectification, hydrogen
reduction of antimony trichloride and vacuum distillation are unstable.Via the study of Czochralski purification process and
hydrogenation process, the content of Si can be further reduced to < 0.005 ppm by controlling the Czochralski

temperature at 670 C+5 C and the Czochralski speed at 12mm/h;the content of Na can be further reduced to < 0.005

ppm by controlling the hydrogenation temperature at 820 ‘C+5 °‘C and the hydrogenation time at 12h.

Key words: high purity antimony; czochralski purification; hydrogenation process
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A, BB IRal T2 — 0 R AR Si
JLER & E A <0.005 ppm. HSR Na LR
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N

BALEAE, B A PR AUAE DLREARA T Na JER & &
AN TE PR Na TR T ES
0.005 ppm.

S 3Ek

[1] ZEBEiEE. InSb ML ] 8 S HAE S AR IS h A BT [D]. HJR:
HIREE TR, 2020

[2] ZE5E, WAESS, KRFRE. Wmaiss 2 Bkl & T 207k
WER[I]. =RE 4, 2020, 49(1): 56-60

[3] # A, SEB TRl K maAisiH &0 R[D]. B BH
T K%, 2004

[4] FXom, TKZE. SRR — B R B RN T 2R [Cl. B
& B TR AT— T EA SRR LRERERR
4, 2008:400-404

Mo #%0<<0.1, o Hrmaidhh Na joR 2R DIBHR

OO O XA XA A A A KA XA A D XA XA XA XA A XA XA A D 7 XA XA A D D XA XA D D S A XA A D XA XA XA D D XA XA D D U S A D D U7 S X O M

E3ni e
EAFRSEINSEEEEER e BERRERINRIZE

8 H 31 BHiRi. AH L AANRKLAMLE SRR TILANT B — 50 MW X A 6% % 58 ZANT B 28
ERAFRE R, AERIEAETCAER LAY, QFHFZRBFRA ALK, 8T8 R+ KF
A+ERHER, ROEBRELZ AL MR EFE, FATHARRIKI ., A —HATFHAE 1.1
LT R, TR 3 ok, MH= ALK 8 7 vk,

OB ETHRABATHNEAREAKRFTELEAR, A F7 LA ERLFT LR, SER 1800 =,
MAEEIEEN SO, B 16 AR ELEL, #it 11 HHRHHAREIKEHER. A RETERN I
¥ AERAER, FERREE., HMREAARRXE T @OKY, BE 10 MW/20 MWh & 3042 & ik 6% A
BRUGAEHFERREETE. MR AMAMA—HRRLER, AR, FHEXEARLRBIZEES L E AT
FHIK, KWRRATHRARBRGE RS, EFIADERS . BT, SREREM%E) QR RS
R 4 45 4T o

BB SR ERAN., K, A, HHERSLLAEEX, AEAFTEAEREST LR T LaGIAE
R EEHIEIET S, Ahdtddd, ZKRA, RAES. AHARHELZROVEZRE, 3t
Heah = W HKER, RN, SFHEA LR BLARBEL, B8 H £ RN 5] G ERF R AR “I0R7
B ARSE o

KR ATEAN

79




:'F,é"?-l’?:\'ff'fﬁ\ 2022.9.25 | #36%V01.36/ 514358

DONGFANG ELECTRIC REVIEW

LN G mE XX S VL i 75

FA HIA LT AR 12
| EEMES AL AESSRE, B 611731; 25 ARSERFARPRAERAT, M| 5F 643001

HHEE: st d BAREGB 50068-20183 .45 4 T S Xt A —4R . GB50011-2010 (2016 #k) # A E X THE L £ B AR
/& ASCE7-16 Minimum Design Loads and Associated Criteria for Buildings and Other Structures ¥ X T #r £ & 69 F B, K%t
AT R AR AT E M s R s T aREsE 5.

EKER: P EAE; £EE; FRAS

FESHES: TU202 XHRFRIRAS: A YEHS: 1001-9006 (2022) 03-0080-05

Comparison of Load Combinations Between China and the United States
Standard

LI Xiang'?, GAO Ling"**, CHEN Jianling'?
(1. Clean Combustion and Flue Gas Purification Key Laboratory of Sichuan Province, 611731, Chengdu, China;
2. Dongfang Boiler Group Co.,Ltd., 643001, ZiGong, Sichuan, China)

Abstract: The similarities and differences in load combinations are compared on the Chinese standards GB 50068-2018,
"Unified Standard for the Reliability Design of Building Structures" and GB50011-2010, "Seismic design code for
buildings" (2016 edition) and the American standard ASCE7-16, "Minimum Design Loads and Associated Criteria for
Buildings and Other Structures". This paper presents helpful references for designers to use different specifications for
structural design on the load combination.

Key words: Chinese standard; American standard; load combination

P TS TR STt B TR E R FE CCAURfRIRR A BB 4755 B
F 26 EARAEREAT Bevt, T SE AR e G T 8l &
] N % f£ ASCE7-16 Minimum Design Loads and
Associated Criteria for Buildings and Other Structures RIEFRUE: GB 50068-2018 %3 5145 #4 v S 14 i
(LLURRiFRRN “LEERAE”) FT TR, A5 S —FdE. GB50011-2010(2016 ki) & S HLE 14
TSR AT R R AL A e, g TN R bR R BT D3 PO B R

1 PERENEHAS

THIB M. R S E A GB 50068-2018 g Vb FIIAMFIIIBCT LI, AR 2o IR = A
Y ‘i;‘ 1 ’ NS ’ ‘%}‘ T M)

SRR bR O FRRy by e i AR RIS TR

" T SRARRMERAL . LT 1

HE™). GB50011-2010 (2016 4EFR) HEHIHIRE Wit

WimBER: 2021-11-23

EZEN: M (1991—), 5, 2013 FH T2 NE T KRB LARTREG L, IR T8 B A R " BARBH O R &I 51, T
MFLER BT AR,
= (1982—), &, 2005 FEMLF P2zl LA TREL W, BAERITHF GG RA S H ARG OO R &R, R
MFELE B TAE. JBIRMEHS: dbcjszx-jg@dbe.com.cn.
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He K‘Lﬁﬁ' Iéﬂﬁ‘
mg R AR
SR NAL &)
LA P it
W RS
= NAAS
HhiE R T wa

1.1 FAEKBENRPRIK ST
W E ORI T A IR T, — TR
%, TRABVRLE . ARSI RBE S 5
EAREEAT XS b
L1.1%HE
(D YRR
S<R/Yrg (D
(2) SR EEhE MR AF i IR B0 5 AR T 1) 7R 3
R IR FRARAS BTt
YoSa<R4 (2)
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Hrb, yo—SMEEE R, fLhEPRHER 8.2.8
KH; Sq —1EHAEGMRNBIME; Ry gk
M BRI P I RTHE s S——Z5 /RN )

PAAEMBAHE; R——EE MM AR B HE
Yre— KB I PURE R R, 00 B ) R A
RS, L 1.0,
1.1.2 fFS 1A

S, —— 1 MIKANE AR HEAE I RRL

Ser——E I BACKRAE RN -
SenksSpok—7K T+ B 1Al M= A F AR HE B 2L

S, — TR J3AE R A SRARRAA I8

Sa,—— TSR FH B THE B AL .

So,,—— 1 ANATARAE FIARAE(E R34

S, ——5 j NATARAE FAFR AR I R o

Syr— P F R HE AR 1 R o

Yo, YL, —— 1AL j AN R A5 Bt A
PR () ar 2R B R, b E AR R 8.2.10 R .

Wep Wrj Woj—20 § NPT E A A 1H R 3L
ST (E 2R B R e R A R B

Yry, Wop,—58 1 ARG ATUE (S BB
HER AME R

U, —— R A A E R
1.1.3 REMREREHAS

*2 PEREASBEDRRRTSERES

ARE R IR ARE R IR I ARE R IR I
BARHE BREE HEHE

2 T RS R ) AT 1) A TSR L E 1 H
S4=1.3%S¢, +1.35,+1.5y,,Sq,, S = v¢Ser+ 1.3Sgnt 14U, Sy
+1.53We¥1,Sq,, 2) AT [ RE AR

Sa = Sg,+ Sp+ Sa,
244 FH 2 s %o 7 3 S A A
Sa = ( <1.0)Sg,+(<1.0)S,

+ gy (ﬁ‘pql )SQlk + Zq’quQJk

S = y4Sgpt 1.3Sgut 14U, S
3) A B o K 5 e ) i AR
OKFHIE 93D

S = Y5Sga+ 1.3S gt 0.58 514U, S,
4) [ BS TR b 3 1) b FE A
(% E R D

S = Y5Sga+ 0.5S gt 1385140, S,

E: LXTHRRAS, — B, G, 0, AR EIERN, G, 02, MRRAET, HEOMHGHENREEDATIN, vl 1.2,

AHIES, AKT 1.0.
2.V b S SR RS R K R B 18
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1.2 IESBE AR :
SR B R A 42 11 A P AR FRRAS BT I
RifFE T (3D HUE:

S4=<C (3)
C—— BT ART . 2L S5 1 AH B BRAE -
IR A AR BRAR S Bt mr A & 1 L TR 3R 3:

*3 PENEESERARRRSERES

IR A PR IRR S
LB EEEREy

IEHF A PR ARR S
bR &

A PR AR S
HERALLE

Sd:ZSGEk+SP+501k + 2:IJ’ICI'SQIk

Sa = 2S¢, Spt Wr1 S, + ZWg;S0;,

Sq = ZSGik+ SP + ZLIJLIISQ/k

w1 BLEARIEH SRR SR R TR

2 XEWMRERHEAS

PRIEAFR: ASCET-16 (A S FIH A 45 1 1) 5t
ANBE VAT FAN AR AR IE D

E E AR SRS - AWM, —MR R
TH % FROIR 25 (strength limit state), — R 15 & 4l F A%
FRARZS (serviceability limit state) . 7 HEYE 1E 3 X
SR PE B TH A PRARZS BEAT 7 VR, X I AR
PBRARAS, ERIVE IR SR C M2 SCUt B g 1 T ikt
frF.
2.1 TR FF SRR :

D—{Efi#; D—IKHE; L—EM#; L—F
T 8 S—Hmak; R—MW sk F—iiimra;
Fo— KM 8 H—L KA1, /K 77 CL R ARl HE AR
JE 17 T—HE N w3 W—X gk, E—HEAEH
Ev— K- PHUEVE s B 50K P HFR/E s Bv—
REMEEN: A —BARTEG N 452 e
o

22 EEMEREES

EE TR E WA RS, —RmaE S
HEHT (LRFD), BN 1%t (ASD).

x4 EEREASBENRIRRSERAES

W PR 5 B T (LRFD) I 3 I A 2 &

BN B ASD ISR

(1) 1.4(D+F)

(2) 1.2(D+F)+1.6L+0.5(L; or S or R)

(3) 1.2(D+F)+1.6(Lror S or Ry+HL or 0.5W)
(4) 1.2(D+F)+1.0W+L+0.5(L; or S or R)
(5) 0.9D+1.0W
(6)1.2(D+F)+Ev+En(Emn)+L+0.2S

(7)0.9(D+F)-Ey+En(Em)

Mo THLHITT 20 & (IBSRALE)
(0.9 or 1.2)D+Ax+0.5L+0.2S

(0.9 or 1.2)D +0.5L+0.2(L; or S or R)
SR SEREME N A SR AL S

(1) 1.2D+1.0N+L+0.2S

(2) 0.9D+1.0N

(1) (D+F)

(2) (D+F)+L

(3) (D+F)H(L: or S or R)

(4) (D+F)+0.75L+0.75(L;or S or R)

(5) (D+F)+0.6W

(6) (D+F)+0.75L+0.75(0.6W)+0.75(L; or S or R)
(7)0.6D+0.6W

(8)1.0(D+F)+0.7Ey+0.7En(Emn)
(9)1.0(D+F)+0.525E+0.525En(Emn)+0.75L+0.75S

(10)0.6(D+F)-0.7E\+0.7Ex(Eumn)

SERI SRR 42 TR A
(1) D+0.7N
(2) D+0.75(0.7N)+0.75L+0.75(Lr or S or R)

(3) 0.6D+0.7N
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AR, ASCET Hodf T AR 3 &
FEHOKIX,  BCH B UK B, AL 7 BEAT AR
Ao R E A —EERRR I DL, BOTHIN RR TR
222 EREARRRSEHRAES

5% b Xt L P AR BRAE B 33 C (1255
Y Pg AL S . IER IR BRR A W
FEAMA R, WIERREE, WRBA L E
RIS, HR R AN AL, T R
AR\ TR B A ST m K A S I A A PR
W&, WFE S AMKAE .

x5 ZEREEBERARRRSERES

KIS O 2T FHIRON (R SR G0

BEA BRI

D+0.5L D+L
D+0.5S
D+0.5L+W,

TE: s C s EE ) IR A AR IRARES . AN T oAk
BORZS. W T R RIS, A2 0T IR AR B e KM
TN, Jofe 5 R KT .

3 HEIRERHAGIIL

3.1 HRPRARZSFSEE

H [ R HE 2 8 B BRI RE SN, [R5 [ B
PRAEFER, SIN T I AR BRIRES, BIRLE 1Kk
RE IR PRCIRAS < L% A5 P BB RCPR S ARG A = Fof Al
BRARES Bevt, T 5% FEl b v A 5 BE AR BROR A5 AN IE
WA IR BRARZS PR AR FRAR S BE T B 97 {30t
& IR KL, R SEE AR HER) LRED J7 ik
PRAEREAT X LE o
3.2 A BENWIRIRT LT

(1) FRMVERRAEAA S BARAE U
LR G RAT I, RENEE T A e Bk
4% A AL A o

(2) B G HERE 7> TAR KL b
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BRI R AR IX 5342 HH 7K A A 2R AT A% far 245 1), 1
G —HUN 1.3, MRS TRE, BN 15,
KR HE AR AT, B 1.4, HAREC12, X
BRIV A 20 TR EL, B 1.6,

(3 HARHAET I RE, FEFMEN T AKA
T EHCN 1.0, BRMEICN 1.0, % ErdE, e
K AT B A ) 5 i e e A R B 0.9, e fE LI
N 1.2, ERGTERBFREA 1.0, HFERE T ERH
BRI DL KA SR A 3Rk AR 5 TR AR AR 3R S
Fh T OUEEATIR S . HRI e 70 A 3 SR far 24 F B
Y ARy AN AL R U S = S o o 1 ey S U oy VA ]
JiiEY) I FRVF

(4) HRAA, o E AR E 2 E D) ot
AEAE AR, BN 1.2, BRI, AKTF 1.0,
Xof 32 EEHNFE RN 1.3 % [El AR A X 4318 fur 200
A BEIAFIS L 1.2, HRIFEL 0.9, B & X HI7E
T2 EARAE 00 A E AN e bR X E AR,
EARAE T — Mgty AHEEFER, (HX)
RS g A A ) R BN 0.28 . 38 B b v FE A
H&HCN 1.0, RHELEEEITHE.

3.3 IEEEAMRPRARZ T

H BRI T IR H A AR BRARAS, ¥R 7t
I FE A TR RN BT 1L TR0 fr LA

(1) FEABTARIL,  H B bR K FH A FH )
KAHE, KALTES TZREE 1.0, PIAEf 2

Bk A G o S BRHE K A 2150 T R 20t
B 1.0, J2 [543 70 TR EOI 0.5,

() WTRER RO, EbR AR bR
BB A, XK AR EREH 1.0, X o] A8 fa 4%
I3 VAR R bR HEAE « ST E B K AMH . 3 E bR
HER AL 8o R EIE 9 1.0,

3.4 KBRM A XTEE

T DL B AR v rh AR RS S BRIR S AR A
J 3 EREH LRED 6 9%, H 3535 B a1
WAFIRIEHL, MY AR 6:

&6 FBRENMRKRESETHES

i H FH ik
A AE 2 1.3D 1.4D

N 2 1. 3D+1. 5L 1. 2D+1. 6L

% L8 AT 28 1. 3D+1. 05L+1. 5W 1. 2D+1. OL+1. OW

% FEH R AN 1. 2D+0. 84L+1. 3Eh+0. 5Ev +0. 28W

1. 2D+L +Ev+Eh

FEbRERS T R GHEAR RN 4 A, T
FUTERT WA BGR b F2 50, & AN 45
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ghik: 1 AUBIBIEREN, SEEMTEHEOR T o E,  HAT A A R EARMER 1. 08 1.
2. B BIEA R EE A RGN, T ERMEEA RS RECNT SR E, TSR EFRAEE R AZCA T E, BIXEEE TN, )
P EARAE ST A AL SR T RV, A O T, AR SR LV ST A9 I AL 5 (K T R AR v
3. B BNGEIN , TIRIERHOE ARG B AR, ERAE RBOGR T SRR . (E S5 [ bR KU B 57 ik 5 P A

KRR TR P AR B AR SR AT AR5

4. MRS S, BRI SR EOIE AR, 3909 1.2, (ENERT R ARBOEA X, S2EALA AR AN REC LR 1,
PR Ny HL R R SR 28 R e L 1T AR A PR R A SR R A

®IERERARRRSTHES

Pt el e
FEA BRI FERIPRRGREA S EERIPRRCIBAS) KINREASE RS2 A
(R AHED
(QER 1.0D 1.0D 1.0D 1.0D 1.0D
EE= IG5 1.0D+0.6L 1.0D+1.0L 1.0D+0.7L 1.0D+0.5L 1.0D+1.0L
7 S8 AT % 1.0D+0.7L+1.0W 1.0D+0.7L 1.0D+0.5L+W,
1.0D+1.0L+0.6W 1.0D+0.6L+0.4W
7 R R RN 1.0D+0.7L+1.0E ¥ NEfE

g5t L AGTRIERE, REHES PEREAR, 5910,

2. WM AL A E AR W TRINOS, HERRHEN 0.6, SLEDY 0.5, HESRHERE KT LE bRk X TN, & ERER
PR S PEBHEAE, REAFRHEE R MRERR 1.0 50. 5.

3. B RNATHIT, T E R T X A A RHOR 0.6, SUBMERHIN 0.4, #EKABREI 0, M5 EMIEH 1. 0.

4. MRS S, AR B R R AN AR A A, TSR AR EAE R

(1) 6 [ R YE 50 5 AR B AE TR BROR A 1 22 A
4, KA T LRFD fil ASD BRP ik, 1M
Hh [ A7 #E X T G5 ) B A2 0 RO B B2 AR T 1 7K
WA R 5 TR EGE, o SR IR sl B AR T,
WRR BV k. 56 EARHE AR B AE IR RARAS
A agrtabnt SEAVELD @k ¢ R R BT At
KFEE.

(2) HBEHARI, PEMUEZELH T 1.3
H10.5 17 TR, 11 56 [ R0 R SR FH ) 2 3 7=
HHE, AL RBE A 1.0. SEE FYEXTT Al 248 1
B, ARMEPRHE(E . HEME. U B K AL,
B7E w3 L A T DAL

QUK
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(3) EEbHEME RS RARNAE, If
BRI SRIAE b AR XU R R
WG R RN

(4) v [ A o4 F Ay 80RO 25 8 445 ) F Lk AR
BB T SR PR A T 2R B R 8, TSk A v
S g8

S 3E

[1] GB 50068-2018, @45 H AT FEME RTS8 —FRifE[S]. BRI L
A HRAE, 2018, dbE

[2] GB50011-2010, BSHEEITHTE (2016 FERR)[S]. FEEHK T
v HRAE, 2016, dbE

[3] ASCE/SEI 7-16, Minimum Design Loads and Associated Criteria

for Buildings and Other Structures[S]
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= IE7( B A TN IN 1B i T 75 i Bl 7~

BRFB e FR!

1. @Ik FKEBEMIZ I REERAT, ME 610072; 2. K FBESERAFARENEGRAT M| #&FH 618000

B OE: &% KRERIUNARNRE G FRELCEEEN, RAMG9m, 2B @EE A EHMA, £BATAEGRINT
AZPARA Y o AIIE RN H i A ARG SIEH, B3 HRKBIIE, RFTEEEMGTELAH. Ao ETRLT
s fir, B3 HERBARAIATAIRIESZLTLRY, REANE INEZAGOAR ERARB-FHEP 6
Morgenstern-price & R A2 € i H . FINBARFOMIAR R T H, A IFRBINATALZAH TATERRES, AT
A2 IXARE A A B ARARIE

R K E; BEXFFREL O GEN; SERAM; 2itE

FEDHES: TVes2 XEKFRIRTS: A XEHS: 1001-9006 (2022) 03-0085-04

Analysis of Dam Slope Stability of Jinfeng Reservoir Dam
LIAO Dayong', CHU Wei?, XU Gang'

(1. Sichuan Water Resources and Hydroelectric Investigation & Design Institute Co., Ltd., 610072, Chengdu, China;
2.Dongfang Turbine Co., Ltd., 618000, Deyang, Sichuan, China )

Abstract: The dam type of Jinfeng reservoir is a rolled asphalt concrete core rock-debris dam. The maximum height is 89
m, and the full section is filled with soft rock material, which is extremely rare in the existing dam projects. In order to verify
the rationality of the parameters selected in the calculation of the dam design, the real and accurate calculation
parameters are obtained through several tests. In order to analyse the safety and stability of dam slope under various
working conditions, the steady and unsteady seepage fields under different working conditions are obtained by
calculations, and then the Morgenstern-price method in limit equilibrium method is used to carry out the stability
calculation of dam slope on the basis of the seepage field of the corresponding working conditions. The stability
calculation of dam slope with seepage field better reflects the actual state of the dam under various working conditions,
and provides an effective technical basic for the construction of the project.

Key words: Jinfeng reservoir; rolled asphalt concrete core rock-debris dam; soft rock material for damming; stability

calculation

UK EEHAMIC I B X, KRR ESS 098 12 HECERHAST, KUUE KIE 89 m, T & 2
m®, FERAL TGS BEe2 20l 1.5 EL477 m, HIIHKE 455 m, 0% )E 8 m, Kill
km PER SRR EIRE K. @K ERAZE  MEEWEONA 2 Go R RIS bR i ]
JKAL EL.475.45 m, itk AR IE 5 & 7K ALAH [F] Kl 1 HR.

N EL.475.00 m, C/KAZ EL.445.00 m. 404K FE K
IS gt e Q0 75 VR e OB A I, AT R

FsHEA: 2022-08-17
EERBN: BERE (1976—) , B, 1999 M FRIOUKFI A kK A1k i TREE W, 4, ST, BUEE-F Y )14 KR K i
MBA W AERAR, FEMIWFFK TR 77 T,
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1 Sk ER IR AN S A1 E
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MBI RO B ERHX CHrisiba ok
WE B e ARG AR o ERRERHX (ER
AED LB ERELED NS ERHX
(WA RD B WERARD © Rira
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(WHRAED 5. GKEAEEI e BED
i, WA e s RGO EEE TP~ PCE B
<V K PRI A W TR Y B BHRSR, EEA Cid
J I TR AR A

1 HHEAEEE
1.1 HEAE

THERE P SR FH TR K 27K 45 K A BR 7 40 i
ZYi(AutoBank 7.7). TR K A HIREE L ORA
EWUETE T AR e JH LB 7K AL B 3 1] () 40
e AR L o

MR HE (R A HIg T EYE) (SL274-2020)
e, EWIERRETHE S, SRR Rk
H ¥ Morgenstern-price 152, {EFE 1H L FEH,
TSN R TOL N B R S AE LEAT 0 4,
RS FESL N BB IAK i RGBT
N B R e T S . FETE SR B 2% ik
TR RS e 22 42 R A0,

GV 7K PE RIS HUA B} 2 B TORGEARL,
B BT 9 FE 2R A RN k= (1) -

_— ' ' '
7T =c'+o'tang D

X o BARPIETREE: o'\ @ AHUN I
BYSRJEARPR: o VA AR,
12 WERB SR FMH
MY 4 Fh 0L
(1) 3R THIEL I AREIZHIZTE 1),
(2) REZBRME L NI QEFiEH
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(3) FKEEIRAL BT AT B CiEsis A
%

(4) IERIEHBEMEM L. TR B
BHZMID .

SRR E T IRRAKAL, KE &K A S
IEH RN, BHAKPEIEAT %A T A, e /KA
IEH# KA EL.A75 m 7% $ 58K AL EL.445 m, iR
THIEEHAA 785 /NI (327 KD 3 Gl K EEK X
R IEAR U AVIEE, nIAATHUR A, FrbhfE
A FEPAHE RS 4.

EZR7 W = ) VA 3| T N DA il w2 1
JE S AR IS K EEZRAL T BT R e IR A% e o
FAIDE

TR AR B R A EL.346 m N E A AE, 3
FIERER 44 m (0.5 f5ULED , KR EFIE S &K
AL (Bt dtKAL) A 129 m, R AZH KA N
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