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Degradation of Chlorpyrifos on Maize Surface by Argon Plasma
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Abstract: To overcome the shortcomings of the conventional methods for pesticides degradation,
such as low efficiency, high energy consumption, and secondary pollution, a self-designed
dielectric barrier discharge reactor was used to degrade pesticides on maize, and chlorpyrifos was
chosen as the research object. The effects of chlorpyrifos degradation, as well as the surface
characteristics and the nutrients of maize, after degradation were studied by changing the
discharge parameters (discharge power, treatment time, discharge gap), initial concentration of
chlorpyrifos, and argon flux. The results showed that at discharge power of 35 W, treatment
time of 60 s, discharge gap of 6 mm and argon flux of 0.25 L/min, 87% of chlorpyrifos with
initial concentration of 20 mg/L could be successfully degraded, which met the national standard
about pesticide residues. In the process of pesticides degradation, argon plasma treatment
attributed to slight etching on the surface of maize, which could reduce the water content of maize
and is conducive to storage. Moreover, there was no significant change in vitamin B, content and
there was slight change in starch content and fatty acid value for the treated maize, but the

quality and storage value were not affected. Therefore, argon plasma has been proved an
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efficient, fast, and safe technology without pollution for pesticides degradation, so it has a lot of

potential for further industrial application.

Keywords: argon plasma; chlorpyrifos; degradation efficiency; maize quality

BESLIRIE AT SR b A 5 R R R YR IR
FR i b 22— ) TSR A R AR 4k G ARk AR
7 A PR B v A 2 A T R S 5 B R A
DU 25 2 Wi iR 1 i3 37 LA 3 20 W DA HG o 0 A
B R B 0 RSO B T AR 2 T R A O
Jh T 5 T A ALV AT A BILBR 2 AR 24 T 3z
TR AR SR B BTRT . (ER . X SR
B 114 B S0 WIS 2 2 (R G A W 8 R B i T X A
FE AR S BRI 3 I R A 0

WA G MR R R EZIEZY
AL R 5w AR AR R BTN SR
T AN R DL AL R IR A B SR S A
SR B AR B o AR 24 I i 28R L (E X 8 5 ik AT 3
FEAERERE o AL BRI A]C | 5 77 2 k5 Y IR R
B AR L 2B IR i 45 1 2 ) 3 HOH R iR R
TN T MR i A 25 5% F i

PR 45 1 7 R AR S iR 5T T U — I
LB PR B AR AR B T IE B T A
B R A0 T AE A5 R W o X A i A AL g
T3 DA A 24 [ it O T AT v 20 P AR AS e
PP IR0 R G T AR 2 10 AT A 2 R TE
AR TP & R Phan 85 F @ S B TR
AR R B S min REAEFEAR 74 00 (Y B SE IR A
S 1 5 B Chen 55 ) FT Ik i i, 56 98 1 A4
Ak BESER T T 3 S R JF I8 B T AR A Y R i Ak
SR Bai A5 R4S B T MR R A R OK Y B
FEALAR SR 338 3 T AR 4 A W A R 0 (ELR
S W TR A T A 24 5 B I A 114 (] Pk SO 52 HG A R
PR S S P B UV 81 8

v T B4 H (DBD) A 78 50K 25 ) A 4R 45 75 fiE
R IRV A A R TR L RE B I R v R O
SR TR RO R A B R B AT AT RE AR A Tk B
FHE 53001 o AR SR T oK 3% 1T 5K B B AT M S
X4 AE AATIRCTE I DBD SR o 38 2o 98 5
v TR 2 BT B B U S5 B R R R SR OO B X
oK T B S A LA BEAT T IR AT TSI F I 2 T
S g i AR AR 25 A L 7R I R Al B R R A B T
X BRI B IR B A5 B 5 W AR L L AT A AR
i 25 M R I TR 2 T AR 24 Bk B R i 3
2%,

http: // zkxb. xjtu. edu. cn

1 SZEGER Ay

1.1 LWEE

A B AR A A K % TR BT IR 1Y) S I B
LR AL S 3SR 45 . DBD 2 % A HL U6, H
P R FE AL (R ok 2l A BR 2 AL CTP-
2000K) F I & 4% (R 5 75 2 L A FRA W) 0~220
V. TDGC2-D 2 i, I # (400 mm X 220 mm X
140 mm) B i N X Sk P e 48 FL B (50 mm X 50
mm X 10 mm) , A )2 AP 3 mm JEBE 5 A, i 18
] T LRI 1% R R A A R TR] B AR ST H, [ R
Y198 P A JoT B 9 Al 2 D) ) R o R e 22 A R
FEA WA AL ARG i s M ORI T
IXFA R A 7 LZB-3WB) M 45 ¥ i < L 3#F A K2
i o TE T R AN () 8 v B 3R A 7 2R RO B PR B, S R
DK % THT A9 B T S DA vt 38 AL HE

0
4_ L — Bei
g #
< DBDJ [ %% I
E &
bt
it A
1 B, YE
B 1 G 5 B A il K 3R THT 27 B 0L 1) 52 0 26 B R =R

1.2 HSRMEHEIE
W T OKFE SR T B A8 AR MR VA R (20 ~ 40
mg/1)15 s, B JE T 1 808 KA k& 24 h, FREL
2.5 g ¥ P-4l A2 DBD S ny g, I8 R S8
it i, Hy %8 0~ 50 W, i L B [B] 0~ 90 s, Jif Ha, [1] Bt
6.7 mm) FR S Fi & (0~5 L/min) , % 8¢5 4L Wi
REPR S oK 22 HBE R 75 30 min J5 0. 22
e BREFL R IR OB 37 2 WD) 3 98 L 48 40 43 0% 6 FE AR
(Vg SERERALZR A BR A A, UV-61008) T K 293
nm A0 R IR WO . % T TR A MR R
_ G —C
C,
A Co Sy oA A BB o B T R 5 C O AR B S Y
5% P IO R

(D




%3

R L A AT B T R AR e e 3 K 3 T R A M F S 115

1.3 FREEHZERN

U R #28 H s Ak oK b SR TR O a5 A O8I
LA B T B iEE (MATA3 Tescan, America) Wi
ZERL PRHT G EOKRMIE A AE 25 .10 kV [ & i R
ZA KR 3 000 15,
1.4 EFpooHm
L4.1 EZRA&KFRESH HEZTEE
D5E B KA o & 5. W KRR 5L J5 AR 10 g
BT ER TR T A 105 CF T4 3 h BUl ¥ 4D
0.5 hJGME, . LWELE LiRP BT EAE 1 h)5
WE, ERBF B E e (FE2E/NTF 2 mg) ., T
HiJE A A5 1 o £ 22 55 L T B 22 A KA Y
K.
L4.2 $®AFEDB FEo& HERAHGREE"
TiE 4% 58 S M £8 (Waters2695-2475, USA) | 5 F K

iR B, B AL 5 10 g BYBUERGLA 100 mL

BT BT, A 60 mL 0. 1 mol/L £k R % Wik #% 5%
¥io), 8T 121 °CR R 2 30 min, #% 2 mL ARG
WMAIRES Y (pH=6.5), & T 37 CIaiR46 it
R B AR e 2= 1 L, B0 g . @ 5 0. 45 pm
KA UEAS 3] 2 mL WA R AT I

1.4.3 mHRESH HBRAKME W E T KE
KB A, FRES g Bk T 250 mL HEIE R . H
50 mL Z kA 150 mL ZEEp vk 3 Y. A 30 mL
ERFRAE VL KW T K#E 2 hof 20 mL 200 g/L Z R
A K A v 0 A5 46 4 0 5T S 43 B0 e R TE R
L4.4 mWEmeREoH& AR EE WEE XK
JIR 7 1R 1Y) B i 43 . # 10 g B R KR A 50 mL
AP PR 0.5 ho Al 0. 01 mol/L b i & A AL B I W
I TR AR Sy i 7 790 T 2 00 A5 i D7 T 1) Jo i A

2 HER L

2.1 HIRMERURE

R 3 S 8 R R R ST A R B R R R
KARL S B RS, BF 92 52 L #% 5HL ] B K T 5 mm
s ) R PR R OO R i R B ) FR R D TR L R AR R
PR 6.7 mm B, J@ F A . 2 ik 1) B
KT 7 mm J5, G022 A PR AR SCF 92 55 F [
B 6.7 mm ¥5] i H A EE S0 ) R A RO
2.1.1 v Fegyen K2 4T R YRS
BE UM R A 0 S2 R, 0] LA H 2 TGS K HR [R) PR £
R I A 20 WO RE BT IR R A L X U T
IH S AR A ) A0 I, s /s 1 AR 2 R TR &

http: // zkxb. xjtu. edu. cn

AR 5 I A PR T A S R R R 3 B AR
Ao g U S R 7 AR I 2 4 0 L 2B K e R
T PE ) IG5 R W ) I Bl AR L AT A R
T B 5 2SR T K T 35 W R 4k SR i, 5
HE MR f e O 28 . 5 R EIR R AR AOR i
E S AE R T 3 35 W,

100
8o}
& 601
#
z 40
& Jét . 8 B/mmm
—&—6
201 —o=7
0 1 1 1 1 ]
20 25 30 35 40 45
TR I E/W

P 2 R TR B B A A R B4

2.1.2 skbabmeg e B3 AW T AR X
B SE WL i 22 09 5% L ] DUE HR . 0O T H (R B 2
T B ] /N T 60 s B R AT WAL i 22 R Bl
FIsF [E) (7% 398 o i TR v o R A Ak B B ] A > T
HASR T AR A R AT AR 09 A OGS AR RN O FE T
D TS M) BT RE AR Wy 0% Rl R MR SRR R
JELT M E B R G 60 s i . SiE K HRL R ) 5 7
AR E RS R 255 B IR REAE . B R
SRR S R SR AR R B ]2 60 s,

100
80
6ol
#
B
B 40F 8 Ha, 8] B/ mm
—8—6
20+ ——7
1 1 1 1 1 ]
0 15 30 45 60 75 90
M LR IR/

PRl 3 R R I [ 5 B 9 AR A 3 B4 5 T

2.1.3 HEAMMBREREG Y0 FRAB/HT
B FE W) 1 Bk Vi O RS RS I 2 L T LU < T
Y TICH [R) B 22 />, 5 A6 W0 i 23 A1 Bl JFL ) s o i Uk
JEE B 1 T a2 o 32 PR R 7 [ RE A SRR
T TR O P 5 A B S T R R B R R R R AR IR
BE A 25 18 3 3 S8 AR B OK P B BRI R B T
YR BEESI N 20 mg/L,

2.1.4 RAARETHHw KSHETEREN




PN

554

a2 e v
116 [T S i
100
T 18] Bt/mm
80 Z 6
7
° 0% 2

= 60 s 7
o 30K N 3R
34 dodede XXX
-3 RS 100 S
% : ]
8 40r o S 2
tode% b0 2
S5 5 K
K ] OS]
odeled g XA
20 ooy XA
Pod0ss % RS
KA boseds|
9e%% 0“ 0‘.‘0“
oo XX
54 5
Q. 9.9, )

0

2

=

40
IR R/ (mg-L7h)

P4 006 5T ek R 0 B B M A A 3 19 5 T

TE LW A A2 0 L AT LU D TR [R] B 2
/b o BEHE G A 3 B O B B0 2 R R
T GE T R R SO B TR T R R
0.25 L/min I [ fif R B B e Ko A X T 5 € fig
A PR FR IR Y /N R E 7 A T
Jo AR P R RS B2 G R DI
o % 2 S IR 3 A 5 - 4 R A A4 B
() 27 7 T e R B T 5 AR 2 00 1 Y L R
A&, DT 5 2R i R0 e 5 SRR T 0. 25
L/min 5 aof 55k (0906 4 490 S DR DAy AR Rl 98 7 3 0
TECF g RE 5 A5 B I 1)U L R R AR
S E FRe R LAY 0. 25 L/min,

100
8 H 1A) BR/mm
——6
—a—7
80
X
S~
#
¥
60
40 1 1 1 1
0 1 2 3 4

EAWHE/ (Lmin™)
B 5 R R B BT W A AR R Y R )

(a) R4k 7

(b) 4L #E 30 s

2.1.5 AEmEmePem 2.1 1~2. 1.4 /NTp 4%
PRAE ZAF T X 3 5 W Al 38 0 F 5 45 2R ORI
[ BRA 6.7 mm B 2 0 WG i 256 110 A8 fb e 4 S AR —
FHAHE 6 mm WREAFRSORIL T 7 mm, &R ik
F, [ [ 185 T 78 F, DX Sl r 3% P 0 Jo 1 o 9k R DR D
RAARC T 5 PR BT 55 A 24 43 - 1) il 8 ABE 5, DT ¢ B
Ry A A . PRI A B AR T BR R 6 mm,

ZiA 2.1 IR BE AL M) 4G BT B Uk Dy 20
mg/L B 7EJCH B %k 35 W LTl I ] K 60 s ik
HLIEIBRA 6 mm GRS 8 0. 25 L/min 55 F 8
B W82 5 i 2R R B 87 Y0 Ab B T K I A B AE M 5% R
WA B EAR R . A — MR 2 i Ak o B B R /D
F 10 eV, G AF B M 7 A BT R I B Y
AE 1 B SR L HT W7, 20 i /N Ay Y o A
R P— S A B 2 B2 5L A i A S A B
ik » Bl A P — O, fig 25 Al iUl 2 AR A5 141
BEALWRAY & A A R4S ) 52 3w BE R 09 B i
S SR AL B W, B T ST AR Y B
PR AR SO A AR S T R R AT LK
FEM o oA R E R R RN LR T
B SCWRAE 55 B8 - VR TR R i ook R o B i B 1 Ak 2
TG LA B e 26 77 W) () 228 A 53 1 6 i — 2D 5
2.2 ERREEREN

TE B AR A 25 1 Gl T 280 35 WL T35 Ha, ) B
6 mm, Y] 4h R E N 20 mg/LoH SR E N
0.25 L/min) T, & Ab B 5 K A & 2 17 AH X% W OF
SITEM A SC R, AT 30 s Fll 60 s 5 EOKEES FE
H IR 22 o T L A R s ) 2] e Y Sk, % T ) R
BEFE B EARRmAM B GEME 6 o, X2
P Ay FEL A J5T 2 TH EL AT BE A% R B8 R o7 A S0 AL RN iR
P, 30 3 s TE UM Y AL R 2 A AT R
By R KR T 2 ok IR R A TR B B B ) A T B
I BN, K T 2 kAR T WK 8 1 A R
T 45 S AT ) 4 B R 2R

.
-

MAIAI TESCAN| SEM MWV 100KV WO 817 mm

View fleldt 2.3 jom  Dategray): 12018

() ALFR 60 s

Bl 6 Fok WA K

http: // zkxb. xjtu. edu. cn




%3

R L A AT B T R AR e e 3 K 3 T R A M F S 17

2.3 EXREFASTWK

2.3.1 E2REBAREFREHH ERAEREMFMN
TORALH AL B 30 s FIALBE 60 s F K & KB (i
SBOS IR 14.1% .13.5% .12, 9%, b3 5 7K
0D S PRI L 3 TR O R X T K R T ) % ol 4
IR 5K R 1A A A, N 3 T K P K 40 1 B LB B
PoHC, AN R B A A PR ) T K Syl A
7 A — S H At 0 T R A RN S R T K g
TR A2 R T 2 A AR A B R OK K
RYE MU U6 EEZ RS AR T E
KBIAELT

2.3.2 $%AZB RErH HRERGEETE
REFR AR TR 30 s FIAL TR 60 s F K 4R & B, 4
B4y R 0.490,0. 512.,0. 496 mg/kg, AbHERET G 4t
AE DB, R SBORA B EZL XORE AR
B, BA X R WAL 4540 R B B IR . Ak
5B TR B R S A0 oK 9 3R B A T HL X K
WFR YA B, M0 0] L2 R, 4i4 % B, T
OO TOKE IR A R T3S A L b B S S 5
FAREFRME

2.3.3 EHOREH»HK ERAERMRSMG T RL
P OARFE 30 s FIALFE 60 s E K IE R I B4 B0 B
b 631,565,552 g/kg., Ab B 3EHy 09 R KR
EEV A 3K SR K R ) T K TE R 43 T O
ANEE TR BRAN S TR AL B o E R IS
0 ZE BN R TE R A Ak 18] 42 S BT VE B R BT
iR € R

2.3.4 JEM BT ERAEERSE TR
KhFE AbFE 30 s FTALFE 60 s 3X 3 Rt T E KB M
i () 5 4 43 5043 Sk 414,427,431 g/kg, AbHE
JIEE 7 T 25 T 485 0 5 33 2 BRI A K AR B D7 v B S A R
J135 TR P RS AP i 4 A B B 8 I ] B oK 3R T 2 ok
TR A . e Ah L R SR 08 W A 16 M 2R 5% oK IR
I T2 R H 3L R B 2 1) SR B & 5 BUIR I R
B, Kb PR S FOK R D R A S A AR T 65 g/
100g , 7 A Bl 58 K I o b b o

3 45

ARSCHIRGE T SR B 1 R B B fiff 1 K 2 Tl 2 5
L) R S I K B 3 TR IE A IR A AT T
R Do

(1) 45 5E W 4R 57 4k e % 20 mg/L WL 78
BRIy 35 W B HL I ] S 60 s HL [ BR K 6
mm RN 0. 25 L/min 4514 T 55 56 W0 4 i R

http: // zkxb. xjtu. edu. cn

IKF) 8700 AL HLJE T ok - B B E WA BR K ) [ AR
BR,

(2) 0 5 B 7 R b B A T oK 3 1 7 A e o ) ook
[7i] BRI ol 5 K K 43 3 S B A 5 R T R B A

A5 EKR e R B, Bt o 80%h
Ak VE M 1 0T L S BRI i D R 1 U R 3 KR
JIRYERS R TNl U RS- AT

TAF B TR R R — A P R A
Te 5 Y 1 A 2 5% B B A B R B Tk Ak g FH Y
w1,

SE LK.

(1] 2FHI5%, fRocad, Wigki, 2. A LBk AR 25 3 8 M i

fil gy s L)1, R 53R, 2010, 33(S2) . 485-
487.
NIU Mingfen, XU Wendi, MING Tieshan, et al. Or-
ganophosphorus pesticide chlorpyrifos detection [J].
Environmental Science & Technology, 2010, 33(S2):
485-487.

(2] #RMas. K I8 T 2T & ks g (1] Rt
FE 5 R, 2008(2); 35.

QIAN Bozhang. Breakthrough on process development
of big tonnage chlorpyrifos [J]. Agrochemicals Re-
search & Application, 2008(2): 35.

(3] BKhBH. POstl, skakog. w RO 2O 2 50 M & BT
T2 D] AR Z, 2008, 30(4): 24-27.

LU Yang, TAO Jingzhao, ZHANG Zhirong. A new
process for the synthesis of chlorpyrifos [J]. World
Pesticides, 2008, 30(4). 24-27.

(4] ABT972. FEIEWA 2 09 3E AR B 1 [T, Rk
24, 2009, 31(3): 38-42.

HUA Naizhen. Advance and formulation processing of
chlorpyrifos pesticide [J]. World Pesticides, 2009, 31
(3): 38-42.

[5] FU Yan, LIU Feifei, ZHAO Chenglin, et al. Distri-
bution of chlorpyrifos in rice paddy environment and its
potential dietary risk [J]. Journal of Environmental
Sciences, 2015, 35(9): 101-107.

[6] PALMA P, PALMA V L, MATOS C, et al. Assess-
ment of the pesticides atrazine, endosulfan sulphate
and chlorpyrifos for juvenoid-related endocrine activity
using daphnia magna [J]. Chemosphere, 2009, 76
(3): 335-340.

[7] MARICAN A, DURAN-LARA E F. A review on
pesticide removal through different processes [J]. En-
vironmental Science and Pollution Research, 2018, 25

(3): 2051-2064.




118

[ . ]

K

,%,l:

R

1 554 &

[8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

KHAN F I, HUSAIN T, HEJAZI R. An overview
and analysis of site remediation technologies [J]. Jour-
nal of Environmental Management, 2004, 71(2): 95-
122.

ZHU Yuchen, ZHANG Ting, XU Duoxia, et al. The
removal of pesticide residues from pakchoi (Brassica
rape L. ssp. chinensis) by ultrasonic treatment [J].
Food Control, 2019, 95 176-180.

SUGIARTO A T, TAKAYUKI O, MASAYUKI S.
Advanced oxidation processes using pulsed streamer
corona discharge in water [J]. Thin Solid Films,
2002, 407(1/2) . 174-178.

HUANG Haibao, YE Daiqi, LEUNG D Y C. Abate-
ment of toluene in the plasma-driven catalysis: mecha-
nism and reaction kinetics [J]. IEEE Transactions on
Plasma Science, 2011, 39(1): 576-581.

HOLZER F, ROLAND U, KOPINKE FD. Combina-
tion of non-thermal plasma and heterogeneous catalysis
for oxidation of volatile organic compounds [J]. Ap-
plied Catalysis;: B Environmental, 2002, 38(3): 163-
181.

PHAN K T K, PHAN H T, BOONYAWAN D, et
al. Non-thermal plasma for elimination of pesticide
residues in mango [J]. Innovative Food Science and
Emerging Technologies, 2018, 48: 164-171.

CHEN Fang, ZENG Lingqing, ZHANG Yuanyuan, et
al. Degradation behaviour of methamidophos and
chlorpyrifos in apple juice treated with pulsed electric
fields [J]. Food Chemistry, 2009, 112(4): 956-961.
BAI Yanghong., CHEN Jierong. YANG Yun. et al.
Degradation of organophosphorus pesticide induced by
oxygen plasma: effects of operating parameters and re-
action mechanisms [J]. Chemosphere, 2010, 81(3):
408-414.

XIAO Chongfa, XU Yong, WANG Wenchun. Diag-
nosis of optical emission spectrometry of atmospheric
dielectric barrier discharges in N, [J]. Journal of
Dalian University of Technology, 2004, 44(5): 625-
629.

ROTH J R. Industrial plasma engineering: volume 2
applications to nonthermal plasma processing [ M].
Boca Raton, FL, USA: CRC Press, 1995: 23-25.
e NRIEFEER BAMIT AT ER S, B
KA E « GB 5009. 3—2016 [S]. dtat. o [ 45 ik
AL, 2016 1-2

i N\RILHEEZ TAMTUATRNLS. B
44 % B, BYMAE . GB 5009. 85—2016 [S]. dbxt:
Pl s of 1 RAL L 20162 1-9.

[20]

[21]

(22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

http: // zkxb. xjtu. edu. cn

e NRIEFIEER BAMIT AT ZEZR 2. g
TER AT E : GB 5009. 9—2016 [S]. dbat. H EbriE
Mt 2016 1-10.

] M £ ik A Jm T R B it L A BIE S T ORI A
3. M. bRk AR UG BR E W E . GB/T 5510—2011
[S]. dbat. R4 A, 2011 1-5.

EHOB. A BB R R N [T]. s R ER,
2009, 35(1) . 1-11.

WANG Xinxin. Dielectric barrier discharge and its ap-
plications [J]. High Voltage Engineering, 2009, 35
(1) 1-11.

WA, W, Ky (M g EEK
b RAL . 19965 15-21.

SARANGAPANI C, MISRA N N. MILOSAV-
LJEVIC V, et al. Pesticide degradation in water using
atmospheric air cold plasma [J]. Journal of Water
Process Engineering, 2016, 9. 225-232.

ZHANG Yuanyuan, XIAO Zhiyong, CHEN Fang, et
al. Degradation behavior and products of malathion
and chlorpyrifos spiked in apple juice by ultrasonic
treatment [J]. Ultrasonics Sonochemistry, 2010, 17
(1), 72-717.

BAVCON K M, FRANKO M, TREBSE P. Photo-
degradation of organophosphorus insecticides: investi-
gations of products and their toxicity using gas chro-
matography-mass spectrometry and AChE-thermal lens
spectrometric bioassay [J]. Chemosphere, 2007, 67
(1) 99-107.

WAGNER H E, BRANDENBURG R, KOZLOV K
V. et al. The barrier discharge: basic properties and
applications to surface treatment [J]. Vacuum, 2003,
71(3): 417-436.

THIRUMDAS R, SARAPAPANI C,
T. et al.

AJINKYA M
Influence of low pressure cold plasma on
cooking and textual properties of brown rice [J]. Inno-
vative Food Science & Emerging Technologies, 2016,
37: 53-60.
PAWLAT J. STAREK A. SUJAK A. et al. Effects
of atmospheric pressure plasma jet operating with DBD
on Lavatera thuringiaca L. seeds’ germination []].
PLoS ONE, 2018, 13(4) . e0194349.
ZOU Jijun, LIU Changjun, ELIASSON B. Modifica-
tion of starch by glow discharge plasma [J]. Carbohy-
drate Polymers, 2004, 55(1): 23-26.
[ MR R pr ik B R P . E oK GB 1353—2018
(ST dbmt: p EARME S ikt , 2018 1-12.

CR#E5 178 O




178 [ TS S R N S 554 &
(9] MEZRABWE R, 2828 4 o 4 B AT I 45 M B H H R ML ZE (130 XU, SEL0mi. SCHL. 2. i r BE 25 4 /\ st ) 2 A
DL/T5154—2012 [S]. dtat. dE s ikt 2012 AR g PehR O IR 5 E TR U] £
45-47. T A2, 2019, 52(7) . 48-56.
(100 ATl AR 4. BOth i, . 2T DOM L /9 f L 3% LIU Junging, YUAN Hongli, WEN Fan, et al. Ex-
0 £ 8 AR E BE b7 (0. M o ak ak, 2017 perimental research and calculation method for tensile
(2): 42-45. bearing capacity of the base plate with eight bolts in
YU Dengke, REN Jihua, DUAN Songtao, et al. transmission tower structure [J]. China Civil Engi-
Strength analysis of tower footing plate with stiffening neering Journal, 2019, 52(7): 1-9.
in transmission tower based on lattice method [J]. [14] e NRILANE FEZE & B S BEEER. &FEH
Electric Power Survey &. Design, 2017(2): 42-45. Beopil g, # LA FRKK % GB/T
[11] #%, sk&R. @mET, 5. PAW/ IR0 Z ) 228.1—2010 [S]. dbgt. 45 e kR AL, 2010 1-
ST R R BB JEE L e L] m B RE M (IR 19.
R, 2016, 38(3): 240-244. [15] BOUZID A H. Comparative study of bolt spacing for-
YANG Pan, ZHANG Lei. MENG Xiangiao, et al. mulas used in bolted joint designs [J7]. International
Stress analysis of single eight foundation bolts and its Journal of Pressure Vessels and Piping, 2014, 120/
design of bottom plate thickness [J]. Journal of Nan- 121: 47-54.
chang University (Engineering & Technology), 2016, [16] Hrde AR IL A E AR 55 M £ 3330, A5 M T 4r
38(3): 240-244. . GB 500172017 [S]. Jbat. o [E &S Tk i
(127 BRZLW], B4 ME. H e Bk % 1% 80 AR JEE B2 A KR T 43 B ¥k, 2017 128-139.
[J]. Mg AR, 2016(10): 57-59. [17] CAOJJ, PACKERJ A, YANG G J. Yield line analy-
YIN Liming, DENG Jinhui. Finite element analysis of sis of RHS connections with axial loads [J]. Journal of
thickness for base plate in steel transmission tower Constructional Steel Research, 1998, 48(1). 1-25.
[J]. Henan Power Technology, 2016(10);: 57-59. (It K aoo)
(RS 118 1)
[32] WONGSAGONSUP R, DEEYAI P, CHAIWAT W, Chemistry, 2016, 191. 120-127.
et al. Modification of tapioca starch by non-chemical [35] SARANGAPANI C, THIRUMDAS R, DEVI Y, et
route using jet atmospheric argon plasma [J]. Carbo- al. Effect of low-pressure plasma on physic-chemical
hydrate Polymers, 2014, 102:. 790-798. and functional properties of parboiled rice flour [J].
[33] LII C, LIAO C, STOBINSKI L, TOMASIK P. Be- LWT. Food Science and Technology, 2016, 69. 482-
haviour of granular starches in low-pressure glow plas- 489.
ma [ J]. Carbohydrate Polymers, 2002, 49 (4): 499- [36] H [ fifg 25 R4S BE RN AR AR 2 B R 22 iF X r. &
507. KAEAE i 02 #) € M. GB/T 20570—2015 [S]. db
[34] CHEN Huahan, CHANG H C, CHEN Yukuo, et al. A AR HE AR 5 2015 1-16.
An improved process for high nutrition of germinated (Ut Koo
brown rice production: low-pressure plasma [J]. Food
RS 168 1)
[19] IOFFE S, SZEGEDY C. Batch normalization: acceler- Learning Representations (ICLR). London, UK:;
ating deep network training by reducing internal cova- ICLR, 2014, 1-10.
riate shift [C] // Proceedings of the 32nd International [21] KINGMA D, BA J. Adam: a method for stochastic

[20]

Conference on Machine Learning (ICML). Princeton,
NJ, USA.:
(IMLS), 2015 448-456.

LIN M, CHEN Q, YAN S. Network in network [ C]

// Proceedings of the 2nd International Conference on

International Machine Learning Society

http: // zkxb. xjtu. edu. cn

optimization [ C] // Proceedings of the 3rd International
(ICLR).

Conference on Learning Representations

London, UK: ICLR, 2015: 1-15.

(il M)




