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Preparation and characterization of hydrogels based on
collagen self-assembly and chemical cross-linking

TIAN Zhen-hua, HE Jing-xuan, WANG Ying

(College of Bioresources Chemical and Materials Engineering, National Demonstration Center for Experimen-
tal Light Chemistry Engineering Education, Shaanxi University of Science &. Technology, Xi'an 710021, Chi-

na)

Abstract: Collagen(Col) hydrogel was prepared via collagen self-assembly and then modified
by oxidized sodium carboxymethyl cellulose (OCMC). FT-IR spectra showed that both the
uncrosslinked and crosslinked collagens had the complete triple-helical structure. As the ratio
of OCMC/collagen was no more than 0. 3 : 1,the adjacent collagen fibrils were preferentially
crosslinked and formed "fibril units". The thermal denaturation temperature (Ty) and stor-
age modulus (G) increased from 47.0 “C and 101.3 Pa to 52.1 “C and 112. 1 Pa,respective-
ly. At 0.3 : 1<COCMC : Col(w/w)<<5 : 1,the crosslinking degree increased to 43. 9% and
the "fibril units" gradually aggregated. As a result, the values of Ty and G increased obvious-
ly by 7.0 °C and 23. 9 Pa,respectively,and the deformation rate decreased by 5.1%. When
the ratio of OCMC to collagen was more than 5 ¢ 1,although the OCMC amount was doub-
led, the collagen fibrils had aggregated closely; the variations of Ty, G and deformation rate
were only 2.6 °C,5.0 Pa and 0. 1% .respectively.
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The effect of aging time on the photocatalytic
degradation of NO by nano-TiO,
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Abstract: Nano-titanium dioxide (TiO,) is a kind of multi-functional wide band gap semicon-
ductor metal oxide. Direct hydrolysis method is a simple method to synthesize TiO;. The hy-
drolysis process of tetrabutyl titanate is a nucleophilic substitution reaction with water, in
which OH™ replaces butyl group to form Ti(OH) x precipitation and butanol molecules.
However, TiO, obtained after calcination of precursors with different hydrolysis time has dif-
ferent catalytic activities, which also affects NO degradation activity. In this study,a series of
Xh-Ti0, samples were synthesized by using tetra-butyl titanate as raw material and control-
ling different aging time. The removal activity of 8h-TiO, in the mobile phase NO flow with

a concentration of 600 ppb was more than 52% ,cyclic test showed that the sample had good
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catalytic stability. XRD characterization confirmed that all the samples were typical anatase

crystal phase,SEM observation of the surface morphology.active species capture experiment

confirmed that photogenerated holes plays an important role in the catalytic removal of NO.

Key words: titanium dioxide; photocatalytic; NO removal; hydrolysis
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i E.AHB7 Cd &2 T IR KSR (SA) F= Il &8 (Pro) 3t & # (Betula Platyphylla
Suk.) #h kA5 CdW#rm . v 2 F A4 A RAM . R A 2B IEAKRE, R R E K E IS
B H(0.1.0.5 F 1 mmol/L),HF % HE % 10 mg/kg Cd ?tﬁ'Fé*?“TﬁilﬁA"Lﬁ‘i?ﬁﬁ*i%%
B Cd W m. 5% &M .(1)10 mg/kg Cd At G ML 2 EMHBA L, KT T Hh L
EHAFEEZRAAILAE. s SA o Pro e, @ ¥ G Rrt A 89 AL F B (G) A A ﬁi$
(PHOREZERZG R 8B REC)REEMK; M LHH Cd 5 EFEM(P<0.05). 5%
% 10 mg/kg Cd &2 LAAR L , " 36 SA 2 Pro B E ¥ K T @M L3 45 Cd 42 (P<C0.05).
(2) %73 0.5 mmol/L SA #= Pro B, G #6542 2 (TP B | KA A 2. 46 = 2. 30, %
10 Cd # A oA RFH T 3.24 Fo 2. 97T LR AML U2 Cd RRE L AL E T 1676.45
Fa 1 447.75 pg. AR BT 9M R SA Foe Pro RZ W KT MU H L5 Cd 4 FE,. L 0.5
mmol/L SA 4 2 sk R & 4F

KRR WA Cd; s A

PESES:X53 MEKFRERD: A

Effects of spraying SA and Pro on photosynthetic characteristics
and translocation of Cd in Betula Platyphylla Suk.

ZHAO Chuan-chuan, XIONG Meng-qi, WEN Huai-feng, WANG Xue,
ZHANG Chu-peng, ZHANG Kai-yu, HE Jia-liang, WANG Xing-yu

(School of Environmental Science and Engineering, Shaanxi Universtiy of Science & Technology. Xi'an

710021, China)

Abstract ;: To reveal the effects of the exogenous proline (Pro) and salicylic acid (SA) on pho-
tosynthetic characteristics of Betula Platyphylla Suk under cadmium (Cd) stress,two-year-
old seedlings of Betula Platyphylla Suk were used in a pot experiment to investigate the
effects of spraying treatment (0. 1,0.5 and 1 mmol/L concentrations) on photosynthetic gas
exchange parameters and the translocation of Cd under 10 mg/kg Cd stress. The results
showed that: (1) There was no significant stress on Betula platyphylla under 10 mg/kg Cd

treatment. The main factor affecting photosynthetic rate is stomatal restriction in this study.

» R EH:2021-01-07
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X HS AR L BTG SA RN Pro X HE S A 4R KR Cd B SE N « 15 -

After spraying SA and Pro,the stomata conductance (G,) and the photosynthetic rate (P,)

of Betula platyphylla seedlings increased significantly, the intercellular carbon dioxide con-

centration (C;) decreased significantly and the ratio of Cd content in aboveground part in-

creased significantly (P<C0. 05). Spraying SA and Pro significantly increased Cd content in
aboveground parts of Betula platyphylla (P<0.05). (2)When spraying 0. 5 mmol/L SA and
Pro,the maximum TF of Betula platyphylla was 2. 46 and 2. 30, which is 3. 24 and 2. 97 times

higher than that of 10 Cd treatment. And Cd accumulation of the single seedling reached

1 676.45 and 1 447. 75 pg,respectively. The results showed that SA and Pro significantly in-

creased the Cd content in the aerial part of Betula platyphylla seedlings,and the effect of 0.5

mmol/L SA treatment was the better.

Key words:salicylic acid; proline; cadmium; phytoremediation
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W3 SA 1 Pro X FH HE A= 9y 5 1) 52 e an 1] 1 T
5. HE 1 RTAT EE SA F Pro S 3 8K T A HE M
EBAM I AE R (P<<0. 05). 10 mg/kg Cd ALFE T,
MG 0. 5 mmol/L SA F1 Pro B, [ HeHh |04
Wik ik B RN 24. 13 g M1 23,66 g, %5 10 Cd 733
KT 11.50% F1 9. 32%. SA Hl Pro X [ HEAR & 4=
Wyim AR HEROR AR 555,10 mg/kg Cd AE BT, 41X
MG 0. 5 mmol/L SA i, FIHEAR B ) A4 4y i 3 5]
KA 7,779 g Hop Ab BRI TC 1 A8 4k (P<<0. 05).

30 T T
! SA ) lPro
s I b = b I a2
z <1 [] = 1 <
@m- | |
Py
8 I |
B I I
f; I I
= 10 I I
5 1 I
£ I I
I |
0 1 1
0 01 05 1 01 05 1
AMEIR %/ (mmol /L)
() b B4y i
10 T T
I ISA ! Pro
8 [ ' -2 !
Z | plm ! @b be | L. be e
=5 B T
= i ! l
=
;: 4 = I |
ﬁ I |
=3 ] 1
2~ 1 |
F | ]
0 ; '
0 0.1 05 1 0.1 05 1
MR IR % / (mmol /L)
(b WA=y it

A1 v SA/Pro s @44 4388 %vh

SA/Pro BEW TS AL T BE L AR 2 1 R Bk 9 R Ak
VEHT s $ e 7K 43 A1 FH R, DATIG B2 e A R A= 8 1Y)
BT SR B Tl A R B I
FARALEZE AL R A R IALR ], <AL
PR 38 02 i o A AL G M 3 35, i AR AL R & Hl
AEHE TS AR H .10 mg/kg Cd Ab B
J& FAFLEE R, SALE b 2 MK ZE S 8
P R [F] A P W 25 0 A ] A AU b kS 31 ¢
FEVEFRTO MR L B SA R Pro, AT RE 2k 55



503

oL 3 45 BT SA I Pro X ML & R IE K Cd BIRLN

o 17 o

T EFE AR ROEE TR S R T AALIR
il PR fE kAR e R R

Wit SA 1 Pro X F#E TT By 52 ma nE 2 frs.
L 2 T 25 A A BT p A T SR A T 32 1 S A0
KT 1, BI R 7R 45 4L Ab 335 45 B F ey A KL B
1,10 mg/kg Cd A0 # T, 45 0. 5 mmol/L SA FI
Pro A, FIFERY T Hc KA 1. 16 Fl 1. 10,48 10 Cd 4b
FEBG KT 11,54 % F1 5. 77 %. w8 LU BESE T 8% 5
W2 855 e %o 7 4 @ R 0 W SR e iz, WA T SA
oAb 3 AT B 5 2% fift 1 4 X RERE 0945 L R BT
TCE YRR B R A G2 A e A% )
A,

2 I I
| |
| SA | Pro

r | |

| |
e l be i b l cd 2+ de

B 1 I I

| |

| |

= | |

| |

| |

0 | |
0 01 05 1 01 05 1

SMRPIR IZ/ (mmol /L)

B 2 w3k SA/Pro st g # TI 65 %"

Fz 2 WEHE SA/Pro X H#SKEZHSH K M
Cd 4 3 ShIE R A HEP,) SALSE G B ] — AR AR BRI (Co) FEBHR(T,)
' Ly /(umol/(m? « s)) /(mmol/(m? + $)) / (zzmol/mol) /(mmol/(m? « s))
10 0 7.86-£0.97¢ 0.19-0. 00 276, 2047, 44¢ 1.82+0.06%
0.1SA 8.1420. 08¢ 0.2140. 02¢ 245. 4045, 51¢ 1.88240. 020
] 10 0.5SA 8.6540. 15¢ 0.2540. 06¢ 221.2746. 15 1.9240.03¢
w(Cd) 1SA 8. 1140, 42¢ 0.2140. 05¢ 248,784 6. 19¢ 1.85-0. 05
/(mg/kg)
0.1Pro 8.130. 02¢ 0.1940. 04> 251,597, 39¢ 1. 850, 03abe
10 0.5Pro 8. 4440, 17¢ 0.2440. 044 235.614+7.31b 1.90=40. 09¢d
1Pro 7.9949.03" 0.1840. 02 260.71+6. 244 1. 86+0. 02%b¢
e s FSA * * * *
B FPro * * * NS

T B B ME AR 22 = 9. BESVEUHE A7 D7 B AR R 35 R 25 7 R 38 B K (P>0. 05) 5 F RN 5 RoR 28 R ik B F K F (P<
0.05). FEFE I 2085 R NS KR LW 257 « KRR W #E (P<0.05)

Wi st SA F= Pro st G #et 2 455

W SA F1 Pro X [ HE I 2% 2 55 & 1Y 5% i
3. ML 3 A, Wit SA A Pro fif 1 #E Rt
GESBEEFWZL (P<0.05).10 mg/kg Cd Ab ¥
T L Wi SA 1 Pro AbFE, ([ HERT S F o Y
% (P<C0.05). 24WiJti 0. 5 mmol/L SA #l Pro R},
FIREE B 5 2 a & B4 10 Cd Baoph 4b B 43 1) 14
Z T 11L.7T1% M 9. 76 % s FAMEM it 22 8 b & &5
10 Cd 435132 T 9. 79 % f1 8. 54 %.

2.3

6 T T
| I
L ISA IPro
=
=5 | I
0 a
S 4r i | b I d | c b e
El e b ey
e
T | |
41 | |
Hh’z | |
1%2
Bl | I
=L [ |
| I
0 | |
0 01 05 1 01 05 1

SMEIR J¥/ (mmol/L)

(M2 F a i

2 T T
| |
— SA Pro
z | |
B L
Lo P l b = b ! b _%_ b
%D — | mEE —— | = e
= | |
=1 | |
41 | |
=
he | |
= f | |
| |
| |
0 | |
0 01 05 1 01 05 1

SN S/ (mmol /L)
(DIGZE b &kt
B 3 i SA f= Pro s et £ 420 %0
2% 2 2 50 A1E oG RE i Rk AL 8 R
b, TERL Y 6 A VR T vl 25 S B 1 09 4 L AR A
78 10 mg/kg Cd Ab#E, Bijifi SA F1 Pro, M 4¢ %
ST B E R, UL ANIEY) SA A Pro A BY T
Ye 4 A MENT R SR 2R i S R A AR E 1 L AT RE
SEAME D) A T AR RS E LR T O A
Tk, WMt @& T &= A HACR. X5 & 3
TE 4 VA M Al O BIE oY 4 R AR — B
2.4 "k SA #= Pro sf & #EKR R Cd 5 H %

Wit SA FI Pro X FHHEIRIN Cd 731 149 52 1 1



. 18 RaPAREEFR

Kl 4 iR, AL 4 AT, 10 mg/kg Cd 4b B 5k b
FR L (A HEH 34> Cd & B AU 36. 56 % 5 Wi it
SA Fl Pro J& . (A HEHL 1384 Cd & & 4 b 35 1
Jn(P<20. 05) , Hiip 24185 0. 5 mmol/L SA il Pro
A, HE ML | Cd & b s Bl e om ol
70. 86 Y0 H1 69. 71 Y. 4341 S B, A1 IR ) W it fef 45 R
PR &Ry Cd & 35 AR & i, A ek Cd
MAR ) 1 E A9 5% %, 5 Drazic %5 %F K B 4h i
MIF 5T 24538 — B0, SA 38 1 M AF Cd 78 BE R 45 7%
BB 43 A1 S B i R0
2.5 wiak SA F2 Pro @ #e Cd 3432 2 309 %A

Wit SA F Pro X FH#E TF AYsZM A% 3 fiw.
FH % 3 I, FIMEXT Cd /) TF Rfi%F SA Al Pro 4b
WRBE B3 K R e R SR /N . 10 meg/kg Cd
REFRT L, Y506 0. 5 mmol/L SA Fl Pro B, 1451y
TF 3538 T KR(E N 2. 46 F1 2. 30,5 10 Cd 437
PET 3024 F002.97 5.

Drazic " RIE T SA ZZf# Cd(6 mg/kg) B
3% R S4BT ST . SA REAE #E K B X Cd By
WM, sk Ak ME NN ESE R B
Wy R EB 43, ) A e B 1 AR AR
Wi SA A1 Pro J& . FAHEM 4> Cd & & 5B
N (P<<0. 05). MM 0. 5 mmol/L SA 1 Pro
W, R E R B AR Cd & A B ok, 4 B
9 61. 34 Fl 54. 50 mg/kg; FHHEHL F#B3 Cd & &
hi ek B i, 0 ) 70. 86 %6 AT 69. 71 %.

%39 &
[ wims 0w |
100
80—
. —
= 60
&
il [
B 401 — ]
& —
o] L | -
o

20—

0 > el red ~ o o o
v oY & L ] & 8
S S sy s 3

Q S 3 ¥ R
S $ 8
fhER
B 4 "&36 SA #= Pro dF & ek R
Cd 5 # 89 % 5

2.6 i SA fo Pro @4t Cd EREM HA

Wi SA F1 Pro Xf FI#E Cd 2 F & (152 M 41 &
4 FioR. & 4 TS0 B SA AT Pro il FIKE Cd 2
TR R R K (P<C0. 05). Hid1,10 mg/kg Cd &b
PR LY WE i 0. 5 mmol/L SA B, Btk ( HEL) 1
Cd BB E N 1676, 45 g, 8 10 Cd Hph kb B
BT 2,29 4% 40 0. 5 mmol/L Pro i, BAkk
FHEL T Cd BRSO 1 447. 75 pg. 8 10 Cd
BOph b R R = T1. 84 . A AT R KL Wi SA I
Pro, W ZE RN T FIMERE AR Cd Hb_F 343 19 & &, 52
PLHXE Cd i W e % 75

*= 3 MEHE SA 1 Pro X B ¥ TF B2

AN B/ (mmol /L)

AN Cd 4b ¥/ (mg/kg)  F84%
0 0.1 0.5 1
SA 10 TF 0.5840. 044 1.8640. 02" 2.4640. 3% 1.5240.05°¢
Pro 10 TF 0.5840. 044 1.60+0.1°b 2.3040. 192 1.38%£0.27¢

L F R (AR E2E (n=3) L A — R P OR [ TR R 25 5 8 (P<<0. 05). Tl
X 4 BEHE SA N Pro X EMKBE#L E Cd EFRE (ug)

AN R B / (mmol/ L)

AN IR 4y Cd AbBH/(mg/kg) &5 -
0 0.1 0.5 1
SA 10 ZBE 509.17410.119 1 142.53+81.34> 1 676.454+42.61*  886.24+26. 86¢
Pro 10 ZFH  509.174+10.11d 939.494+49,56> 1447.754128.02°  757.01498. 45¢
3w M 54.50 mg/kes FIHER) TF 5 BLE K (Y 2. 46
LT

(110 mg/kg Cd 4bFEXF A MELN T 6 8 2 i a
MG AW PG G R FE A AL
. BijitE SA Fl Pro J&, A 0E Y G, R P,
WEREC BE AL M AR Cd b b
Jn(P<<0. 05). 58 10 mg/kg Cd AL ¥4 41 1L,
Wi SA Fl Pro B T AHMEREfR Cd M L343
()5 H (P<<0. 05).

(2) 24556 0. 5 mmol/L SA F1 Pro I}, FH #EH
A EER Cd & ik Bl KR 61. 34 mg/kg

M1 2.30, % 10 Cd Bl b B 45 5 482 & T 3. 24
2. 97f%. SA 1 Pro Al A %0 ¥ ( HE4h B vt A 1ok
B RRIE S B, 1 15 4 1 RE A5 4E 15 B 1Y ek 2R sk
R, Cd 22 BT 19 % RS 00

2% Uk

C1] 5K BRAIR 4 0 22, 55 A1 U5 K A 1 %0 58 W 36 i R 4
WAERK SRR H A G R IO ]. 7
JUAE 4R 2014, 34(4) . 778-785.

[2] Kaya C,Akram N A, Siiriicii A,et al. Alleviating effect of



X HS AR L BTG SA RN Pro X HE S A 4R KR Cd B SE N + 19 -

nitric oxide on oxidative stress and antioxidant defence
system in pepper (Capsicum annuum L.) plants exposed
to cadmium and lead toxicity applied separately or in com-
bination[ ] . Scientia Horticulturae,2019,255:52-60.

[3] Feng X,Liu W X,Schar S,et al. Application of sulfur fer-
tilizer reduces cadmium accumulation and toxicity in to-
bacco seedlings ( Nicotiana tabacum) [ ] ]. Plant Growth
Regulation,2018,85(1) :165-170.

[4] Sergeant K, Kieffer P,Dommes J,et al. Proteomic changes
in leaves of poplar exposed to both cadmium and low-tem-
perature[ J ]. Environmental and Experimental Botany,
2014,106:112-123.

[5] Ali Zade V, Alirzayeva E, Shirvani T. Plant adaptation and
phytoremediation[ M ]. Springer Netherlands, 2010 173-
192.

[6] Rungwa S,Arpa G,Sakulas H,et al. Phytoremediation an
eco-friendly and sustainable method of heavy metal re-
moval from closed mine environments in papua mew
guineal ] ]. Procedia Earth and Planetary Science,2013,6:
269-277.

[7] Breral, REVE .25 By, 55, MR HLIR X 4% 30 T Bk 4
Wi B R AR A2 ()], A 452 41, 2019, 39(12) : 4 510-
4 518.

[8] Drazic G, Mihailovic N. Modification of cadmium toxicity
in soybean secedlings by salicylic acid[ J]. Plant Science,
2005,168:511-517.

[9] Suekawa M, Fujikawa Y, Esaka M. Exogenous proline has
favorable effects on growth and browning suppression in
rice but not in tobacco[ J]. Plant Physiology and Biochem-
istry,2019,142:1-7.

[107 X8 H . /K A% R FIES X 4 Mol 31 R 6K 3 5 16 5 10 A 3 A

AP FELD]. V6% . V5 % d SR R, 2013.

[11] Guo J K.Zhou R,Ren X H,et al. Effects of salicylic acid,
Epi-brassinolide and calcium on stress alleviation and Cd
accumulation in tomato plants[ ] ]. Ecotoxicology and En-
vironmental Safety,2018,157:491-496.

[12] Mihucz V G.Csog A, Fodor F,et al. Impact of two iron
(IID chelators on the iron,cadmium,lead and nickel ac-
cumulation in poplar grown under heavy metal stress in
hydroponics[ J]. Journal of Plant Physiology,2012.169:
561-566.

[13] Ning K,Chen S, Huang H,et al. Molecular characteriza-

tion and expression analysis of the SPL gene family with

BpSPLY transgenic lines found to confer tolerance to abi-
otic stress in Betula Platyphylla Suk []]. Plant Cell
Tissue and Organ Culture,2017,130(3) :469-481.

[14] Elsayed S, El Gozayer K, Allam A, et al. Passive reflec-
tance sensing using regression and multivariate analysis
to estimate biochemical parameters of different fruits
kinds[J]. Scientia Horticulturae,2019,243:21-33.

[15] Hussain A, Amna, Kamran M A, et al. Individual and
combinatorial application of Kocuria rhizophila and citric
acid on phytoextraction of multi-metal contaminated
soils by Glycine max L[J]. Environmental and Experi-
mental Botany,2019,159:23-33.

[16] Sarabi B, Fresneau C,Ghaderi N, et al. Stomatal and non-
stomatal limitations are responsible in down-regulation
of photosynthesis in melon plants grown under the saline
condition : Application of carbon isotope discrimination as
a reliable proxy[J]. Plant Physiology and Biochemistry,
2019,141:1-19.

[17] Arena C,Figlioli F,Sorrentino M C,et al. Ultrastructur-
al,protein and photosynthetic alterations induced by Pb
and Cd in Cynara cardunculus L., and its potential for
phytoremediation[ ] ]. Ecotoxicology and Environmental
Safety,2017,145:83-89.

[18] Gu C S,Yang Y H.Shao Y F,et al. The effects of exoge-
nous salicylic acid on alleviating cadmium toxicity in
Nymphaea tetragona Georgi[ J]. South African Journal of
Botany,2018,114.:267-271.

(197 AR UL, 1 =W, oA I AR, 45 M8 AL RR %I T 3 i T £ 39
S R R B B R L] TR A ) 2. 2018, 46 (6)
114-118.

(200 WhGRAE T 0 b BRI, 5. T 42 J 4 Bl 360 %) PR A% IR TG M
FOGE AR A R I )], VA bR A B 4, 2020, 35
(2):40-46,107.

[210 % JE.XB WS, PR NI SR KAS R s Cd Bhaa R
Dy W g2 A 1 0 A A R SR e LT DL B A A e AR,
2015,26(10):3 153-3 159.

[22] WRELREAR R 35 KRR XHKIR I T R 4
LA B GRS LT ). K E R, 2012,31(6) :927-931.
(23] w3, T 20 5e , 220 0, 55 AN IR K b R % 6 W38 T 11 #f

AR E R L. ARl BRE RS, 2018, 31(6) - 138-143.

(247 SRoK M RAEAR , B0 & B, 45, B 45 TR Y 48 76 M P o3 A1 1

AN R ERF L ). PH b AR BE 4R . 2011,26(5) :6-11.

[REHE HFILRF]



¥39% 53
2021 4F 6

ReaBBEIE SR Vol. 39 No. 3

Journal of Shaanxi University of Science & Technology Jun. 2021

*

XEHS:2096-398X(2021)03-0020-07

ETFMNEZENERETREBRKBEE
X E R YA001 7= =14 B8 B9 22 i

gﬁil@i9 g’]‘}f&’f‘ ) ’ ’i‘ ﬂ_a 7%%719}’\’?)2

(BRPERME K% R 5 TR R, B /4 71002

W OB R R RA B R B — AP AR AT R 69 By ik, R A YA R A R B TR AL
B RXAABY LR KA RSHEORRAEZARE T ESRABEELF A LA E
ZESL R AR E ik (RSM) &F 2 R A AT M B K iR 69 242 A BAT T AR, £ 0. 61 wt
HC1.129. 85 °C . KR % 3 &, B B B ] 30 min, B /& 100 (w/ VW EH T, HZRKRE
YAO00L 3437 % K8 7 &% (149.52 mL/g-TVS) #= & R 4 2 (581. 7 mg/g-TVS). B # 4
SEATH > AE S, A HCL 58 A 2 3R 4 4 2 69 R B A 4 W 2%,

KW 2 AR, FRARKRFIEHEB YA00L; "a @ oM ik; = A Hk
FESES:TQLLG. 2 MEkPRERD: A

Effect of diluted acid hydrolysis conditions of cornstalk on
performance of hydrogen production from strain YAOO1
based on response surface analysis

LV Zheng-yi, SUN Gen-xing” , AN Dan, XIE Lin-hua

(School of Environmental Science and Engineering, Shaanxi University of Science &. Techology, Xi' an
710021, China)

Abstract; Dark fermentation of lignocellulosic materials is a very promising way for hydrogen
production,and different pretreatment of lignocellulosic materials directly affects the per-
formance. A low-cost high-efficiency method for pretreatment of lignocellulosic materials is
very important for large scale bio-hydrogen production. In this study,the key parameters of
cornstalk dilute acid hydrolysis were investigated using response surface methodology
(RSM). The maximum hydrogen yield (149. 52 mL/g-TVS) and the reducing sugar yield
(581.7 mg/g-TVS) were obtained with 0. 61 wt. % HCI,129. 85 °C ,number of hydrolysis 3,
reaction time 30 min and 10% (w/v) solid/liquid (S/L.) ratios by Clostridium beijerinckii
YAO001. Microscopy-ray diffraction analysis has confirmed that the dilute HCI can effectively
destroy the hydrogel-bond network of cellulose.

Key words: cornstalk; clostridium beijerinckii YAOO01; response surface methodology; hydro-

gen production performance
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55 3 1] 5 TS5 < T I O TR 92 0949 5 DK T T IR /K AR 2% 110 % TR AR Y A0 7 & 1 RE 1 52 1 « 21 -
. BRI, H B VR UK AE B pH 7. 0, FF A 5% i E 17

ARy — T I RE IR L WO D 2 G ik RE IR
BRI A 35 7 e ) R B AR L KRR 4y
IR B A R AR A S TR AR DR A
R KRR SR 7 A T 3 AR G T YA R B OR HLX PR B
AR5 HA] S5 2 A8 L, R AT A B R
17 S e i) B B A PR B ALY AEIR AT REFEMR SR
s s S — PR T 3 Y 1 T iR

A JET 2 3 28 W ot DR SR A L T A Y
AR BT TSR A LSS BB IR B T R 2k
J. AR P R R L SRS 28 AR B A JB 2T 4
R AW BUE I HUBOE Y BRE AR IE A DL
K LE T R R LR s Y e Al o BB T E Ok
A H,.

21 4 38 A W) Jo AR ) I i 9 T DR MR ey T O
o AT B LRSS R By 1 IA) AR T AR E L i R L
AR AT AS R A S 27 4k 28 A= ) I3 F 15 4k 3L 1Y
KA BEAT T T Z WE ST A BT A TUAL B 5 vk v R
A BT S S 1 S d AT RO T . F R A A R
POAL BT 22800k il S 52 i F 58 A/ ) A )
TV AT S8 1 52 36 e, Al LAAT 250 i % O B I
ALK TS

PRI A I A KA A R /K A 191 Ak B fit 2
B R UARME RSM BT, DK it 1 o i 5, 147 165
T T A

1 Lo

1.1 FE@BeiEik

PZ AW W VY 22 TR X R 2 B 4 A 2
BIAROR. 7 E TE BR I R L S ORI 3R T A ) )
ARG I KA R AT B 0 N R R NS T
AP AW B 2R W K, SR A
B AR YAOOL.
1.2 ##

F K FEFF PG LA X 4R L IR WFE A 60 H 42
A BRI WA R R FE 80 C R T4 12 /i
Jo 2 AR E R4S TR 4 °C P ARAE. ORI R B
A B (TS)96. 51 %, B E MR A& E(TVS)
84.61% , KAr &t 11.9%.
1.3 ERAEAFKMB

T Ao AR K S U R LR B T L KA R B B TR
e RN [V b 5 S B K i S 8. K fad R
HE KA AT AT TG U =1 2ok 0, SR 5 78 18 /K o % [ K

T PR R K f. B LA R — 2P K . IR
B I K 7 R AT 43 B R TR
1.4 A B4 A

BT SE I 7E 330 mL S g R E AT 78 R
AR AW 250 mL WAEEF I (5%0).2.5 ¢ £
KAEFF B K ¥ .10 mL KH,PO,-K, HPO, &
T (AW E 50 mM, pH fH 6. 8) Fl 20 mL #
W R SR LRI b pH (AN 6. 8. N A fix
FIRZ AP UE L 2 B R 38 B AR ZE T e il
(B7TH1C)ZAME N 4 545 & AE % 3 150 r/
min FUIEFEIR . BT 9286 ¥ 0k 57 64T 3 Ik, i
SR AR O S 2
1.5 47k

K F AR 5,35 A3 (SP-3400) #E A7 20 e B i
SE . MR A - 5 A DU 28 5L - 250 °C 5 BEAH IR - 90
C; 58X Ar.

SR BURIE 2 XD HFE

V=Vri+ >, Vri (D

KO V=R A&V, — o v B
[ 5V, — S i S B A VA R B s i — SR A
RS,

K 3, 5- R K A R L 3k (DNS) Vo
ARG B R S MR 43 A 105 °C
PRAEAN 600 CH Rl E TS f1 TVS 9 & i;
KA ATBE A 25 R B (CrD) 3l 2 AT 54X
(PANalytical: X'pert PRD)TE 40 kV Fil 40 mA 4
HETT I E s R segal £28 57 U 9H5E Crl
i L I U (SEMD 148 R RS FF 09 1 3 .
1.6 =&t
1.6.1 Plackett-Burman % it

S — AR A H R AR — B 2 0 2R R Y
b L F FH Plackett-Burman ¥ 31 5 128 X H & &
R ) TR 2 K R — O R R AR R A A
A

Y =8+ D>, B (2

K.Y Sy R RS & (mL He /g
TVS) ;8B A, 435 Ry i AU HE | 26 1 R B0R A
A K

Xof B e B | 52 g ] L 3R L 7K S VR B0 I S L
&5 ANHEE AT THIFE. 3£ T Plackett-Burman 3%
T X RS B2 A7 P A AKCE I IR S — 1,
FACE N 410 % 1 BoR T 4 R R 7KOF i i 2 1
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%39 &

T2 TRIFAERE. T 12 DL 5 AN
. ST A O BE AE R e . $EH 95 26 AKF
(P<C0. 05) 1 P R AE Ry 7= &l 0y 8 28 &R JF k47 3
— R, R T RAT L X WY PR AR AT T s
ARSI AN SR 3 K.
% 1 Plackett-Burman % it I T 2K F
5%itaHm

H % g (—D (+D sgm TH PHE DEHE
X, MRk 0.1 0.2 19.200 2.32 0.060 3
/(w/w)

X, WRBE/C 100 120 22.746 2.74 0.034 1

Xs KR 1 2 22.131 2.67 0.037 2

g B [

X, fi;" T g0 60 8473 102 0.346 4
/min

x, ML 0 s —2617—0.320.763 5

(w/v)
& 2 Plackett-Burman 3238 1% 1 55 %

Fe X X X5 Xi X5 FPE R/ (mLH, /g-TVS)
1 —1-1-1 1 —1 0.78

2 1 1 —1 1 1 54.19

31 —1 1 1 1 36. 40

4 —1-1-1—-1—1 0. 37

5 —1 1 —1 1 1 1.05

6 —1 1 1 —1 1 35. 90

7 —1-11 —1 1 0.90

8§ 1 1 —1-—1-—1 13.50

9 1 —1 1 1 —1 29. 60

0w -1 1 1 1 —1 42.00

11 1 —1 -1 -1 1 2.31

12 1 1 1 —1-—1 60. 20

x3I TWEHRRELAER
- T I W/ C KRS FRE
/(w/w) X1 X X; /(mLH:/g-TVS)

1 0.2 110 2 32.99
2 0.3 115 2 46. 20
3 0.4 120 3 67. 82
4 0.5 125 3 75. 37
5 0.6 130 3 146. 09
6 0.7 135 4 112. 94

1.6.2 Box-Behnken %1

£ Box-Behnken B A2 Al I, R Ff RSM X}
i e 1) il AR AT LA RS T RS (E
S EANENIEE S B

=X, —X")/AX, (3)

Kz, A8 5 ) G A (EL; X, R A8 6 A S
PRl s X Rl s SEPR{E s A X, 728 5 A B B
k.

AR KRS IR BTN SR 4 PR, FEAR S v
AT T 15 YRS KON A = IR 1.

MR A S 05 H5 4l L AT mLH 53 B, ik 2 Ay
PRI AR it 550 N 2 R) f G &R, DA o A 2% A

Z 2 m AR N (DO R

Y, =p + 2[3;1( + Eﬁi;x? + Eﬁxy +aa; ()
O Y Ry T e 5 B, K B A R

FRHGR: NV IT R By WAL F I 2o vy AL

E=X

55148 F#CF Minitab 16. 0 BRI origin 9. 0
XoF S 56 B 4 2R AT E— 20 9 1A R EDE 43 By it oK
fifg 1 051 7 2 () B 4 A o) T A5 B 2R 1A, 45 21 BT 1R
sk B E A AE S

2 HR5iTE

2.1 AMHSBREL

W 258 KR I B % A S Y Al R DR
LA AR SR P, FESE AR LRGSR . B
44 Dtk 25w, Hd L Wk YA00L 19
FEEERE B, AR YA001 B BT, K v ok B
B SN 1.0 pm, KEHR 2. 0~2.5 pm" EA]
P N A R G O DA R I X eI R PN = B2 S
K.

FIF Blast # 5K YA001 £k A 16S rRNA
JEH1 (1471bp) 5 NCBI [’ 3§ 1y 23 3t 35 K % B 47 L
St WAE YA001 9 16S rRNA J¥31 5 Clostridium
beijerinckii NCIMB 8052 4 99 % Y [a] — . K 1t
B YA001 B #k % & N Clostridium beijer-
inckii™®,

2.2 A B Plackett-Burman % # #F ¥ % w6 = &89
R %

X H placketer-burman &t J7 L WF 58 T /8 1
JEE SRS R] | SN R L K AR U BORI R B AE A
H 4 AH o B2 B2 4. Plackett-Burman % 3 48 i1 43 #r
RIS EUES T 1. X, R . X, GRED 1 X,
R AR BO X 7= S A M g A — 201k
Az . HAh AR % 7 S 1 35 R I i D) TR
TR 2 5 R DIROK S (— DA .

2.3 ey EA%R

R HE Plackett-Burman it 4538, %3+ 7 &
BE LTt B X, (R B L X, GRED R X OK K
B0, AR i Sy 3 BE L 45 00 i {E X B 7R R Mk E 0.
60 S i BE 130 °C L 7K fif R 3 M A5 1F T L 3k 3
T B X, B R R N 146, 09 ml H,/g-TVS,
Wz O R X B, B i — 2P Ak LU R AR
H% 1y M 37
2.4 HACH B KRR A0 X E £

2.4.1  [EEAHT R TT 225081
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5 IR B4 < Bl 7T W) 7 TRT % 1) 5 DK T 4 T2 7K A 2% 1 X TR Rk Y A001 7 S M 1 19 52 i)

e 23

Wit RSM 9 Box-Behnken #%3, BF 5% 1T 5 it
PRI 2R (R VR B IR T 0 K it O 19 e HE 7K1 B HOAH
AR 7 B L S B R T A% A Y SR PRoK
V- K B HEAT B 4% S B 45 R AR 4 TR,

F4 =ML T =/ Box-Behnken i& it

AR U / (w/w) L/ C IR fifE AL
75 Code Code Code FaR
X X X> Y X; X, /(mL Hz/g-TVS)
1 0.6 0 125  —1 2 —1 70. 27
2 0.6 0 130 0 3 0 146. 09
3 0.6 0 135 1 4 1 100. 6
4 0.6 0 135 1 2 —1 74,41
5 0.7 1 130 0 3 1 136. 44
6 0.5 —1 130 0 2 —1 85. 44
7 0.6 0 125  —1 4 1 111.63
8§ 0.6 0 130 0 3 0 146. 09
9 0.5 —1 125 —1 3 0 75.37
10 0.6 0 130 0 3 0 146. 09
11 0.7 1 125 —1 3 0 122.65
12 0.7 1 130 0 2 —1 118.52
13 0.5 —1 130 0 4 1 110. 25
14 0.7 1 135 1 3 0 113
15 0.5 —1 135 1 3 0 74,41

75 S = 1 Box-Behnken i 1189 [8 5 4347 F1 77
Za Mgk 5 gk 6 FroRs.
% 5 Box-Behnken iZitEIASHER

s X4 bR 22 T8 Py
KIS 146. 090 3.338 43. 760 0. 000
X, 18. 142 2.004 8. 874 0. 000"
X, —2.187 2. 004 —1.070 0. 334
X 13.785 2. 004 6.743 0.001*
Xt —10. 149 3. 009 —4.369  0.007"
X3 —36.584 3.009 —12.157  0.000*
X3 —20.279 3.009 —6.739  0.001"
X1 X, —2.172 2.891 —0.751 0. 486
X1X; —1.723 2. 891 —0.596 0.577
X>X; —3.793 2. 891 —1.312 0. 247

.o RoREEAR

Fo MRABEFTESWER

SRR AHE Ryl ¥ior F 18 P{H
IR 9 10 662.8 1184.76 35.43 0.001"
LR 3 4191.7 1397.23 41.79  0.001
GE 3 6382.9 2127.62 63.63 0.001
ZH 3 88.3 29. 43 0.88  0.601
5k 2% 5 167.2 33. 44
& B2 3 167.2 55.73
afi i % 2 0.0 0. 00
JE¥l 14
S=5.782 37 R2=098.46% R?(adj) =95.68%

3 3 % S 0 B AT 22 T 1A A B L 45 B B
Z I A AR, = (5) TR
Y =146.090+18. 142X, —2. 187X, +13. 785X, —
13. 149X} —36. 584X —20.279X2 —2.172X, X, —
1.723X,X; — 3. 793X, X, 5
KOG .Y Rl ™= & & (mL H,/g-TVS);

X0 X0 FX 3 50 A T e B R 0 K AR R Y
A

KT 22 M CANOVA) K6 B — vk 5 F5 465 750
UG B 78 50 VR e O 25 A0 BT R R A ANk 6
ANLIXH R E B R A SR Al AR A
BRI R AR, 23 1. 0 B R Oy BB A 5 S0 50 8K
RN AEFHFOIEE XM B, R N
98. 46 %0 .95. 68 %0 » ik & B 1z 455 AU 4 A AT 5% vp X &
BRI R
204,02 SCHERH RN E R R

M 1o 1 LA A v e AN P 1 B, /1 HEIR T
AR AR Al A8 S A AR (1 5T T A A o 22 () 114 g
o7 AH B AR . AR 22 )i 38 BRI A T LAGE i
S5 R T AR IR SO T30 f il i 0. 66 15 18 B
e S AR e 2 [ B A 52 R M BAR . P E/ANT
0. 05 UiIA 4548 EEXHE AT B &5, 7246 5 o X
o7 0 i S 3 L SR R X > X > X > X
> X5, HA XA R S B35 (P=>0. 05) , ARSI H.

(1) i e J3E X6 7 0 o (1) 5% i)

T2 VA 2 2 T 7K ok R v OB SIS R ORI R i ) O
SR P A R A AR 1) ~ (DI
T TE R BE SR BN AE (I LR Bl R VR 1Y
W R R e A B R vk R T B i
o o 2 DR A R VAR 8 Py 384 e A B - R Y L S =
HL i 46 Sl 36 A2 i T 3 SO I R

S o R B 1) H N T R s PR A A B A
WREER = AU 5 30 B B L 3G n 52 0F A OG. 7
Stk B R Tk B () BE — 20 38 i AR 8 A O A A
SN 1) ~ ()BTRS 3k 0 BT 78 7 i e R
(0 04D B A5 F T 30 T e i S BRI L 5-HMIF ml JL
b ) 7= 4y T B

Ca) ik J32 70 R R 2 7 8k 52 T 194 W 1 1 €]
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0.2 0.3 0.4 0.5 0.6 0.7
XK E/ (w/w)

Cb) I B IR W B 1) 55 v £k TR

Py
0.5

X B/ (w/ w) XK 8 v

o) 7R AR YRR Y B2 X 77 S 5% W) 4 i I 1 ]

Y
4

X /KM VK KT
w

0.2 0.3 0.4 0.5 0.6 0.7
XMk 1%/ (w/w)

() 7K it U BB R A JBE Y 26 o 2 [

Ce) i FEE R KA YR 00 77 2 ik 2 W 114 ) 7 1T 1]

X, 7K iR TR 3L

2 )
110 115 120 125 130 135
X [%/°C

() 7K A Y 50Tk B 1) 25 25 2% )
Bl FazdapdBfasdsasy
(2) 7K figt R O 7= & 1Y R
TSR Y SO0 R %) TR TICAT AR K B 52 T 5 AT X

SR REW. WE 1Ce) (D AR, b %5 K f#

YCE I, 7= & T R 0. 7 K IR B 3 IR

At 7= At s B e KB =2 I B 2 KA OB 9k —

HE, A BRI 2R 7 s, Bl KRR OB

BN 3 SRR 7 2R K R T B T HLBE 5 K

SR UK B8N B L 5-HME 12, 8 A i L 20290

FHOT AR TR YK R BOE i 3 AT, i R

B P e AN 2 KR B v L T LR B T 2 A A

TR K AR R EOR N 3 IR
(3) 7 J3E X 7= & o 114 52 i)
BEREWE AN ERHE, WE 1),

(b)), Ce) . (D BTN L 75 35 3 i 5 15 22 Wil o 76 B /K i iR

FER ST = S 2 B A R B B T T AR e X

BT KR A Y 45 48 32 BR B 0 BEIR. 7R IR

T 20 DR E M 45 fOE X ORI 278, 76 8¢ i

FETN L 220 v 0 R o B DL T B Y SUAF A B

BT TR T Emshae, 88 75 %

KA T 22 18] B Alf 8 08 0K, 2088 - Bl ML o T

B TR AL RE BE R 5 BOK AR R AR RN 1 R

A BE A IR W — 2 T L A R R T R

T %4, Bustos %2 Al Lee 21200 . 2

T oK A T A X A8 g 1) T Ak B B AE 55 1 T

A0 PR BE R P A M L 5-HME 486 LR 40 41 vk 7=

W TR AR A

2.4.3 25 PR FE Z 8] B AH B AR X 7 A R R
B 1(h) (A (D s i 5 45 i 4% TR R B AR

S B) B4 A A R L AL B 1D TR R TR

TV 46 o 2 TR 3k 2 BH 3R E R K A U8R 2 T 9 A AR

FH 2 5 S0 AR AR, AT A AR B G S e

Wi i) DL 200 AT, IR 1 Ca) | (b)) Bif s T 8 22 4k

X7 G T R T LY TR U BE AR R L I 1 (o)

(D) BTN o 7K A R B0 25 A % 7= & 19 52 ] L 3 i



503

5 TS5 < T I O TR 92 0949 5 DK T T IR /K AR 2% 110 % TR AR Y A0 7 & 1 RE 1 52 1 © 25

MR MR A A AL AN L AN anE 1 Ce) L (D BT
NSRS N R &2 S D A N N T
SRR UL, =X AR W E RN R >
K St R B > TR Tk B A IE 5% 3% B LR X R K AR
TR FF K AR W R A AR .
2.5 BA WKL

MR GE1 T1 10) SE 56 25 S AR AL 5 1 T KRS #F
T TR K R 800 R R 0. 61 %6, 3L 129. 85 °C,
TK AR RE 3 YR, BN IHE] 30 min, B FE 1 ¢ 100 £E |
WO N, 45 8] 7 A i 149, 52 mL H./g-
TVS, i = F R AT WAL L9 0. 78 mIL/g-TVS.
2.6 EKAEAT Y L AR ALA)

2.6.1  FERFEFFH X-BFELATH (XRD) 3By

£ Y R A B 45 R R MR TR A
Jo 7K St A0 A ) R — A R 2L T D R KRS A
(RC) JKH# 1~4 I (ACO.ACT ,ACS #l ACF) L)
K il &5 1Y B K FFBR i AR 5 (ACHD % 19 X 4k AT
SRS 2 R E 2 frs. Crl i XRD U #5088
i E AL, ACOLACT,ACS,ACF,ACH Al RC
(1) B i % (DRO L Crl 1A 95 PR 7= R (SSY) an sk 7
Fi7R.

24000
22000
20000 |
= 1so00 |
3 16000 |
000 F
]
7 12000 f
o
% 10000 f
sooo f

Int

6000 |
1000 |
2000

10 15 20 25 30 35 40
2-Theta/degree
B2 RC.ACO,ACS.ACT.ACF # ACH
oy X S & AT 4 B ik
%7 ACO.ACT.ACS.ACF.ACH #n
RC #J DR.Crl 1 SSY

it H DR/ % Crl/ % SSY/(mg/g-TVS)
RC 0 35.55 0

ACO 39. 37 50. 91 416. 67
ACT 14.08 47. 24 112.91

ACS 9.3 52. 66 52.13

ACF 4.3 51.26 10. 42

ACH 4.1 48.12 -

TE - 43 0 A AR TS () T KA AL [ A i D B 33D ACO.
ACT.ACS,ACF.ACH Fil RC ) DR,CrI fil SSY.

T8 T 244 % . Crl DR FI SSY 437 Hi
35.55%.0% 1 0 mg/g tvs & & #| 50. 91%.
39. 37 % F 416. 67 mg/g tvs. ACO,ACT.ACS #i
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Study on the process of supercritical CO, extraction of heavy
metals from lead and zinc tailings

HUA Li', CHANG Jiang-feng', LI Jun-jun®

(1. School of Environmental Science and Engineering, Shaanxi University of Science & Technology, Xi'an

710021, China; 2. Luanchuan Natural Resources Bureau of Henan Province, Luanchuan 471500, China)

Abstract: Lead-zinc tailings contain a variety of toxic and harmful heavy metals, and the
harmless treatment of tailings is of great significance to the realization of mining resource u-
tilization and ecological environment protection. In this study,sodium diethyldithiocarbamate
was selected as the complexing agent,and the supercritical CO, complex extraction technolo-
gy was used to study the effects of various parameters,including the amount of complexing
agent,extraction temperature,extraction pressure and extraction time on the extraction rate
of heavy metals in lead-zinc tailings, and the optimal extraction conditions of heavy metals
and the effects level of these factors are obtained through orthogonal experiments. According

to the XRD patterns and SEM results of the lead-zinc tailings before and after the extraction
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reaction, the influence of this process on the properties of tailings samples were analyzed. The
results showed that the optimum extraction of heavy metals from tailings could be obtained
when complexing agent dosage was 7% (w/w), extracting temperature was 45 ‘C, pressure
was 25 MPa and time was 100 min. Different parameters impact the the Pb extraction rate
followed by Temperature > Time > Pressure, and the maximum extracting rate reached
69.42% under the conditons of 60 min,45 °C ,and 25 MPa. The optimal extraction conditions
for Zn and Cu were 100 min, 50 ‘C,30 MPa and 80 min, 45 °C, 30 MPa, respectively. The
whole extraction process had little effect on the microscopic morphology and elemental com-
position of the tailings.which provides a strong technical support for the safe use of super-
critical CO, extraction in tailings resource utilization.

Key words:lead-zinc tailings; supercritical CO, extraction technology; extraction rate; opti-

%39 &

mal extraction conditions

0 3

7 B Y — AN A S A R YR T L ) A i
N2t 25 SO R 25 T T R AR B AR L TR i e X
JB T AR A [ AR IR SR 2 X 7 7 R
B0 BB 7 A R HE AR ) A ok b L S H
i KA Y b R B R A HP T 4 T RE X IR BE A
B R OR G, AR R — R i A R s
S A 48R B B BUBEA 9K BT — 2 BT AE
FAA A mT ml R e U Bl Rt R
WS B B OBt 120 {2, T H F H A 7E
7Y% e A RN LA 10 42 Wl /AT il 48 K T 3 Za R 484
I 3 AR AT 25 A R R R R I IR T —
4 AR S A PR T AR 18 RS B | 4 B AR A
W&, i BT A A FHER B B

HIEG B CO, A H 32 B U R R I 26 BUE )
FNRBE LV CO, 8 I 58 U A4 1Y 25 B2, DA T 4 7
R AT Ao B AR L AR IR B CO. A HL
AR AT 4y s O A& RS iR B
AR RS MR R AR SRS
— LT MR B T A 7 OR R AR AR OF
LA At 37 R T 25 B ik 3] A I 30 947 B — ol i 2
F18 BT 50 43 5 ik

Jin Wang /" DL TR R H R T
JHe R 2% A5 IR B CO, 454 % B Cd Pb.Zn 3
P 4 @ AR B % s Ke Laintz 557 RLUGR AL ) L
(ZRCH) ZHARE S (FDDC) 464 71 F Il
FCO, BEHM Pd.Zn,Cu 5 H 4 ®/, £ 7. 93
MPa.35 ‘C .30 min 25T, PAZK P 1) 26 LR
AT LAIAE] 90% L | s Hong 261 FIH] TBP f1 HT-
TA BA LA 7043 50 TS G 18 70 70+ 58 v 26 B
Bl RCR AT LLGA E] 94 %0 75 %.

i}

Har. Keffss EZEEPERBIGER CO, % H
AN TP E SR, TR R E LR &
HR R g8 i 50 TR AR 95 LA 25 R 4
PR EITBERESE MR, R HRE
FHHRE (DDTC) b 4 A 71, M B s 7 CO, %
B AR b B B R AT I 45 1 foe A A Ak . [ B
W BB O 4 8 0 EZBR K& I &
B 0 3o 8 Xk R it P R £ B

1 SRIEER4SY

1.1 FHEANAEMNE

(D F 2R = 2 5 =m0 E 5 H R
(DDTC) , AR, KT K% A 2= 150 ) s — A AL ik
(CO2) s AR, P9 % A6 AR A B 5T A Al & R
(HPF) (fil§f2 (HNOy) . #h B2 (HCL) , AR, ¥y T [H
2 4 P Ak 21 5 A BR A A

(2) FFALE . HAL120-50-01 H il AL CO, #HL
BeE e IE T AR R I A UA B A IRIS In-
trepid T HLJEGHE G 55 2 7 & 654X, 5 [ Ther-
mofisher 2 7] ; D8 Advance X H £k fit HH{X, £
Bruker 23 ) s FEI Q45 i f 55, £ H FEI 2 A.
1.2 Homxm

ASHI 5T H R 6 SRR T RS 4 2R )1 BRI
MEYRE R Y. DR HOIR AR BT S THEE 1 AR
T R A ST A W TS B R o 4 A B 5 60
H i 1R A 3850 JF WU B4 A ik 100 H L
B F b 5T 43 r. [ B, AR R I A A A A T
HERREBERHELR X RE SR AT 2 R b B
1.3 EEBRET R

R h 4 JE B i R A K-S RO T A
ICP-OES #7700 2 . AN FE il 3 W47 S5 59
Ideas o BRI 86, R B Dold b 45 43 94 41 Bk *f



% 3

o HEBIGA CO, B RY E4&R T AR « 29 -

BRRE R ARE S R S R R I 4 R Y A AR S
AFA BT A 4 A R B R X S A S AR
W E i 2% TR 50 AN ) 2H s AT 4 A
1.4 %ARKmE FIRBE RN Fout R EHE
% B

VLVEE & B ) A R BE ST H AR ZE 45 A RN
7Y% (w/w) FEBURFE 45 °C A HUE /1 20 MPa,
ZEIUETE] 80 min MY F T . SR AL R 2 LR AR IR
R G H(DDTO) I in 2 A BUR K BUE S
Ko AR ] 5 5 4 @ AR ORI & R T 0025 i
EHNTZSHGER. R RLR R KL H
# 1 Fimw.

1 BIER Co, ERNERETVESRE

2 K
1 2 3 4 5
BARNG IR/ (w/w. %) 1 4 7 10 —
FEHU [A] / min 40 60 80 100 120
FHUE B/ C 35 40 45 50 55
B F1/MPa 10 15 20 25 30

HEWEE AT R Ve E R SR T AR A Y
J7 1 b A BUEE IS ) R T RE S AT N AL O
ICP-OES Wl & T 4 J& 5k A ik B2 2 UKL BE A T
60 2| 80 H Z [0, 4385 42 1Y He 1 Fiilh B 43 51l ik 51 7
MPa FlI 35 °C I 472 HL.

4 B I BCR i B (D AT 5

C,—C
=¢,

KO C,—FRAMBT RSP ESRES
.omg/kg;C— WG EBV RGP ELSE S &,
mg/kg;p— FEIA, 1.
1.5 ZFIREHRERGRE AR S E R

FE A RS 25 SR IG R ERO KB R
R ETHE T A SR H = &R =K. Hp L A
FRERZE I [H], B $8 2 BUR BE . C RORZEBUE ). B
WY I AZ B B R R RK - 1 e 5 WL AR 2 B
IR,

x2 HRETKERERERKTE

x 100% (D

H %
K ——— ; po -
A-Bf ] /min B-#iE/C C-J& J1/MPa
1 60 40 20
2 80 45 25
3 100 50 30

2 HR5ITE

2.1 RA VR A
2,11 EEEE R

AR S AR S AT A R LR 3 R,
e T E T S E AR W E Y 6 Fh 4
JBICE & R R A L S, b, Pby
Zn,As,Cr, Cu, Ni 43 5l # 7 mg + 575 = (H W
37. 73 4% .9. 84 1% .190. 15 £%5.99. 93 f%5.29. 83 1% .

21.70 1.
x3 ETHRFHNEELESE
v JLE
B Pb  Zn As cr Cu N
ﬁuﬁ:/(ﬂu{/kg) 841.3 615.3 5057.9 149.9 190.9 8.7
S kT 0 )
Jr 22.3 62.5 26.6 1.5 6.4 0.4

FEdh PG R S AR R O K R
T TS AR R TS BRI AN E B BY
FEAT Y A I ] AR L 75 5 32 B b FER BT DR (AT
sk k] A AR R AR B SR R RE S BUR AT A
JEAERRPE K B R IR E A B M 30K R oK
HET 2 W AT AROK 2242, AN AT HE U AN 23 3
BT IR A TR B 3 2 e R A M AR DX ] - S PR 5
S, XA M B0 A A AR S i, O AT RE B BN 2R
A WUREYRE R BN £ A L
i A4 38 ek AN [) A R R, DA Y R ™ 0 A
SREFE IFRE S E N,

2.1.2 HEERAFEE

>R Dold & 2005 32 BUR B3 8 R A A i P i
SRILE MR ME 1 PR, &IBE 5 ER .
T1 KR T2 AT ACHAS T3 BHAAS T4 i 4
AL TS AL LA AL 25, T6 J5 A= Bl Ak
Y5 T7 Bt s, Fovb /i TR0 A7 72 T8 245 B A B0k
W IT R FE AL RE 1 AR Z WA RS il T6 A T7 250
A 1R B B A AR E L I A RE D .

I T T2 T3 T4 TS T o T7

%

TE s L il /

JLE
Bl EFvrREELEOTESNH
SRR RBHRE R As B 3B LR A B Al
YA TR AR PE R UE iR R AL IS
R As i >f 1Y 30 5% 16 5 8/, P 78 B A FE i h
AEE DL T2 IS h £ 2 A EE S E



.« 30 - Ro#BHBRLESH %39 %
PRI Y PR L AT B A K, S AN R R AR AL R (—pui sl —— B/ i

R ;Cu FERE M DL EZ L T7 RSB AR 7E
T5.T6 AW HA KK LA, Hh Te ZE 58
P2 W Ol 2 = AR L KO T6 A Cu 55 5 B
WO R s Zn FEFE S P AR S E 2L T2, T5,
T6 N E, =FIEE LN IR 79. 77%; B &40 AR 4
AR R EUR LA B O FE 5 O [ 4 s 2
BUSCR ) 2 5
2.2 R FEEW RS

G A CO, ZEICHT IS /Y B WO T8 5 n & 2
JrR. N SEM K] LLE i, [ B S A9 2 0T A
FUE A AL, R AT A N I 2 T A R O
TS S0 R0 5 SV ST AR ot 4 R R X B | 3R T A
SRy M1 AP, 2% T RRORE ¢ s g T A 3 KL SRR
WRE B T A I AL CO, ZBUAR T &4 T2
BN

(b ZE G

Ca) U
B2 REFXCO, ZRITEREFT
PTG 25 47

2.3 A UEHH
LR 00 4 AT SR 4 TR %
FE B 1 B R 1 L R
76. 39 I 25 I T T K 1 45 1) R A
SEBE R R (T AR SUBR L o BB VU
L FARAE T — 7 1
F4 BEHRMES S

UR/EAN MY R/ %
FaE 4.2
Mz 76.3
[ ipe) 2.5
[ 3.0
HR 12.0
A 2.0

M 5 CO, A B NLHT IS 89 XRD 23 87 4 &
3 Fras. M 3 AT LA L AU NG L A RE Y
YRR AR R e 2R o A o L W iR R A T IR R
B I S CO, AR AR IR A, 28 0 45 )8 19 3 72
A Xt BT A RO BEAT RN Z S R X — R
A7 1 B IRAL A B AR R R B

WLMMM
.

UL
1‘0 ZIO 3‘0 4IO E_;O 6I0 70
20/(°)

B3 BERCO, XRWNEET
XRD 4 #1

2.4 BANFMENFEREN Y

4 JA 445 G 3 X AR IO B 5 ) R R I AE 4
BRI RIS R AR E T Lk
TR R B B AT T — A e
LB BA W IR CO, s R R
FE PR LA KON AN R HE 4 T A A Y B P A R
RIS CO, FEHUR Y H 46 A 700 9 8 in 2kt
IR A & 4 FiR.

70

| —m—Pb—e—Zn—A— Cu|

60 - /////jf////i

50 P

a0} /‘
-

/i

L L L 1 1
0 2 4 8 10
E R E/ (w/w, %)

B4 BeRKmESET T EEE
HEIE Rk

— ek, Bl 4G R R R3S N, 25 5 R B
T EBHNEEFRENS SRS T TS S R
AR A3 I AR R — R DS AT RE R
IR R b, T ERE S E SR 2 g
e, FEERCR 2P N hE 4
FIAL R0 4 R 2 R Y B 45 50 TS I 1Y
B hnni R e AL S RN &R 726 (w/w) B FEHL
PG RIF IR AR AT 28 12 . 28 G 30 1 FH o X 26 LA
A B 250, 2 BB AR DL S e ag e et n) R, AR
WFFRIEI 7 %6 (w/w) R AL G RN IN & FE4%6 7
B 7% (w/w) i, Pb,Cu. Zn 7€ B4 51
55.05% .43.02%.21.10%.




% 3

o HEBIGA CO, B RY E4&R T AR + 31 -

2.5 HXPURBEASEREWH A

Tk B2 X R i 5 C O, 2 B 72 19 52 1) AF X L A
S A%, I T 2K ORI B TR AR b, A G R 2y
ZH] CO, % ALY 78 1R B R 6 5
M. R I S CO. A8 B R H L BE X 2 R 1) 5
WK 5 .

70 H —=—Pb—e— Zn—a—Cy

60 -
50 -
40t

30 +

EAEYLS

H

20 -

H

10 +

0+

3IO 3‘5 4IO 4IS E;O SIS
HELEE/°C
BS5 ZERBEMET T ELEERENY A

TREEX R IGA CO, G MW E SRR N .
— 7 1T B R R SRR AR I A CO, TR LA
FIF AW 5 — S s &9 78 <R A 8+
L, P 5 2 AR B — o R A VE T
AT YRR AT RE A Cu Y 2 B3R 32 i A8 Ak 5
M3/, F 55 “CHF Ik A BUCE 21, 95% ,Pb. Zn &
T 45 CHF A FefE 2 BUACR 63. 76 %6 Fil 19. 67 %6, ik
LEAH R RWFIT R I 45 °C g R AR i i i AR B
.

[F] Fof A B3 27 Tk 3 ) g )k e B, 20
BT 4> TGS Sk, I B 5 1 R 2% K
FERE R 15 45 4 7 R 4 8 4% A W TE B IR A CO,
TR 1 V3 A BB ) B ik, ZEOR B W T = R
A fE A5 C LG B 4 R 1 AL R B TR [ R B 1Y
BTG, 3K T BB 2 bR T B o R A9 AS T 8 o ol s
TR ENE el RO NER=S: N (= W WA NI TR N K
JEERRAR 5 07 T 1Y %5 ik BB 1T [ DT 4 B3R 0
JNERT
2.6 HBEANEREGHH

A R R T AR Ak 32 B R 4% A RN 42 )
HKAUAERIGE R CO, FRYE M. —BOoRUL, Sk
FR PN ek B DR A R A B R AR E I, B AS IO T Y
AW T B S CO, A% B 2 AN Wi oKk, il 4514
FHP U I S AR B At s AN BT R IR L 45 R R 4
R 25 5 0 VO e U, A N A, DA T A B 3R R
KPR G A CO, A EUR I H R g 6 25 BUR
(5 an 1l 6 T, 25330, B FE fL 7E 25 MPa

i 35 3 J AR AR IORCR 7R 5514 F Pb.Zn. Cu fiefk:
RS M 63,76 % .20, 66 %11 21, 78 %.

70

\ +Pb+Zn+Cu|
60 -

50 |
5
*;5(\*40_
30

20

10

H

0

1I0 1I5 ZIO ZIS 3I0
4T JE #1/MPa
B6 FRENNEFT FTELEERENH A
MRS KT 25 MPa, 4 ZE R 91 [\) 72
JE )T B IR X 0] BB T AR AR T AR ALE
A e B W 29 PR L R L 2 K B — s R R
5 A B8 T X iR 1 0 BB i L AR /N T st
1o FE AN A3 0 B A A RO A T A 15 B 3 e
JIT LA 28 U ) FF A 2 B R B
2.7 FEAHE M ERENG R
LB AR I L CO, 2B R iy B S
B, R AR R [, T A AR B e
BEOBIG A CO, AU W B [E] X 4 I 1) 5 )
mE 7 B,

70 { —=—Pb—e—zn—a—cCu

10 =

4:0 6I0 8I0 1;)0 1I20
AL 18] / min
B7 FReESESTPELEERENH A
TR RS S Pb.Zn.Cu 3 Fh & &8, 752
B 100 min 35 # e A BUECR LA 100 min 2 J5 %
B TV G2 3 2 T IR, 32 B — i bl 5
T80 B 380, A BOR06 2 45 B 2 w3 H [R) s 1sF 1] 3
KRB ER 5% 47T RIE AR ENSEY,
FEEWECR T M. H IR E SR & AR
REYFLIR L P8 100 min 15y S5 A BORE ). 7 1
ST R FES T Pb.Zn, Cu S AERE RS 5
66.91%.21.85% Fl 25.92%.



© 32 ReEHBREEZH 55 39 %
2.8 ERRXBEER gk 6
b A . . NN . LR RN A B C
TE SRR ) = P 3 AT, o, A AR . o i s
FABIG A AEBUR ], B $5# Im FEAEBUR E . C E£oR Cu ks 0.17 0.14 0.14
R e U . ks 0.12 0.12 0.14
e R A Sy N 1 B s R S Vo WL g B B S W R o 11 o o1 0,06
RHSRERATT IR 6 . WZEK R(A)>R(C)>R(B)
#5 RUEXRBAERER LT A5G
sE
A% mERE mEmE o O SF
e éﬁg 4/“?2 /;A (DB CO, FBHE A X Ph i kb 5
5 60 45 25 6942 74 9 8 MR, AAFESBHEICRFEER F RS H
3 60 50 30  46.83 13.63 10. 30 SEESEERT P SH L.
S S o e (2) I 5 A B L 26 1 B R S [ R 3% % P
6 80 50 20  48.25 7.90 12, 99 FE TR 52 W) /N SR 26 BT B = A5 IR [|] > 25
7100 40 30 36. 26 7.09 10. 92 JE A7,
8 100 45 20 47,78 13. 66 12.41 iz gL fovy N D=1 =R
9 100 50 25  42.45 9.75 12.03 (3 AT b P R 7 v o J Y B2 PR

MR IE R 45 R LR . & o R fE T
CEME R AN ) SR £ A B R T R N AT A — RE
5. Pb W52 0 Sy 5 BE = i Ja] > 1% 1, HAE 60 min,
45 °C,25 MPa B} 35 21 H 5 A 2 WO R, 2K BOR
69. 42 % ;Zn B RZ R Sk i BE = 1 (8] > % J7,100 min,
50 °C .30 MPa i A H e A AL HUAc A 5 Cu B52 I Ry st
6] > F 73 > BF .80 min,45 °C ,30 MPa i}y H ik
AR AR 20. 75 %%.

EIE S e (A BSR4 T, Pb.Zn Cu 3 Ff
4 R AR R AR AE 35 22 5 00 S 1R T R O
R RS PSR 4 R I A A AN TR B P 7E
B RS ALl T2 Al g s £, 2
B A FE R BT A% 1 52 K, B8 S A U ke s
Cu.Zn " T6 JAE G ALY T7 3R # 4 & 1 L 6
KRB RR RE N B B AR B Ok

x6 EBULRERSHTR

L e A B C
K, 1.54 1.34 1.44
K» 1.54 1.63 1.52
K; 1.26 1.38 1.39
ki 0.51 0.45 0.48
Pb k> 0.51 0.54 0.51
ks 0.42 0.46 0.46
W2 R 0.09 0.10 0.04
SR R(B)>R(A)>R(C)
52 WS A1 By Cs
K, 0.22 0.22 0.26
K, 0.30 0. 30 0.25
K; 0. 30 0.31 0.32
ki 0.07 0.07 0.09
Zn k» 0.10 0.10 0.08
k; 0.10 0.10 0.11
W R 0.03 0.03 0.02
A% F R(B)>R(A)>R(C)
T & A3B3Cy
K, 0. 20 0. 30 0.25
K, 0.52 0.43 0.41
K; 0. 35 0.35 0.42

IR VA B A S S BB DAL ) i AR Rt e

&%k

[1] Maoyou Ye, Guojian Li, Pingfang Yan, et al. Removal of
metals from lead-zinc mine tailings using bioleaching and
followed by sulfide precipitation[ ]J]. Chemosphere, 2017,
185:1 189-1 196.

[2] Xinglan Cui,Feihua Yang,Qiyuan Gu,et al. The culturing
optimization of bioleaching of the lead-zinc tailings from
different depths [ J]. Key Engineering Materials. 2018,
777:272-276.

(3] ARG, HAb = SRR 45 A BE R IS Y X 3 Al 34 B A
PR 9 T 4 R 0 A M 4 A R 2R SRR L ] SRR A
%:,2017.38(7):3 054 -3 060.

L4 5k P e RS B EAMAF O Rk T]. 35 TR,
2014,32(S1) :734-736.

[5] Chang Lei.Bo Yan, Tao Chen. Recovery of metals from
the roasted lead-zinc tailings by magnetizing roasting fol-
lowed by magnetic separation[ J . Journal of Cleaner Pro-
duction,2017,158(1) :73-80.

Lo mh It K er B s L M AR B [1]. B &8
GEF™#43) ,2015,7(3) :27-31.

[ 7] Xiangxiang Chen, Shuzhong Liu, Wanfu Guo, et al. Flota-
tion technology of sulfur recovery from leadzinc tailings in
Fujian[ J]. Industrial Minerals & Processing,2015,44(2) .
10-13.

[8] Yu Chen,Fujun Shi, Fei Xu.et al. Comprehensive recovery
of zinc minerals from a lead-zinc tailings in Sichuan[]].
China Resources Comprehensive Utilization,2016,34(2) :
36-39.

[OJ FRIEVK, 5 bk, BL 58, 55 SEA BE 0 R A vl Il i 2 ik ™
AT FELT]. 572 545 FIH . 2017(6) - 86-89,85.

[10] Ranjith Kumar Kankala, Yu Shrike Zhang, Shibin Wang,
et al. Super-critical fluid technology: An emphasis on
drug delivery and related biomedical applications[]]. Ad-
vanced Healthcare Materials,2017,16(6) :85-89.

(110 BHUTAR BB A, ERE, % #IE T CO. AWV KR I
DAy B e (0], fr i B4, 2012.33(24) :97-100.

[12] Rana M. Obaidat, Bassam M. Tashtoush, Alaa Abu A-



o HEBIGA CO, B RY E4&R T AR + 33 -

wad. Using supercritical fluid technology (SFT) in prep-
aration of tacrolimus solid dispersions[ J]. AAPS Pharm
Sci Tech,2016,18(2) :1-13.

[13] Hun Soo Byun, Danbi Chun. Adsorption and separation
properties of gallic acid imprinted polymers prepared u-
sing supercritical fluidtechnology[ J]. The Journal of Su-
percritical Fluids,2017,120(6) :249-257.

[147] Jin Wang, Willam Marshall. Speciation by supercritica
Ffluid extraction with online detection by atomic-ab-
sorption spectrometry[ J]. Analytical Chemistry, 1994,
66(22):3 900-3 907.

[15] Ke Laintz,Jya Jyun Yu. Separation of metaHons with so-
diumbis (trifluoroethyl) dithiocarbamate chelation and
supercritical fluid chromatography[ ]J]. Analytical Chem-
istry,1992,64(3):311-315.

[16] Kong Hwa Chiu, Hwa Kwang Yak, Joanna Shaofen, et
al. Supercritical fluid extraction of mixed wastes[ ] ].
Green Chemistry,2004,6(10):502-506.

L17] I8 7 RPHE  FEE. 5. REIEY S REIEAS L
WAET B A 4y M (], 338 TR 4% 4R, 2011, 5 (6)
1 370-1 374.

[18] Bernhard Dold. Speciation of the most soluble phase in a
sequential extraction procedure adapted for geochemical
studies of copper sulfide mine waste[ J]. Journal of Geo-
chemical Exploration,2003,80(1) :55-68.

[19] A EFRE M S, hE LT RE R ELM] dLat.h
PR A2 R AL . 1990.

[20] Z=in e XURER], A HEME, 45, ) ML RS MBS K

[18] Ghasempur S, Torabi S F,Ranaei Siadat S O, et al. Opti-
mization of peroxidase-catalyzed oxidative coupling
process for phenol removal from wastewater using re-
sponse surface methodology[]]. Environmental Science
&. Technology,2007,41(20):7 073-7 079.

[19] WAV % Jh. 248 W45 — R T kB 2l KR
T M H A B Oy RS L P % R CN104164395 A,
2014-11-26

[20] Muralidhar R, Chirumamila R, Marchant R, et al. A re-
sponse surface approach for the comparison of lipase pro-
duction by Candida cylindracea using two different car-
bon sources[ ] ]. Biochemical Engineering Journal,2001,9
(1):17-23.

[217] Fan S, Jiang L, Chia C, et al. High yield production of
sugars from deproteinated palm kernel cake under mi-
crowave irradiation via dilute sulfuric acid hydrolysis
[J]. Bioresource Technology.2014,153:69-78.

[227] Zhang M, Chang H M, Li Z, et al. Pretreatment of corn
stover for sugar production using dilute hydrochloric acid
followed by lime[ ]J]. Bioresource Technology: Biomass.,
Bioenergy, Biowastes, Conversion Technologies, Bio-
transformations, Production Technologies, 2014, 152
364-370.

[23] Li Y C,Wu S Y,Chu C Y,et al. Hydrogen production
from mushroom farm waste with a two-step acid hydrol-
ysis process[ ] ]. International Journal of Hydrogen Ener-
gy,2011.,36(21) :14 245-14 251.

HIBFEIT R BE 10 [J]. Tk & & 53 4%,2017,43(1) :
33-36.

[21] Samir Abd El Fatah, Motonobu Goto, Akio Kodama, et
al. Supercritical fluid extraction of hazardous metals from
CCA woods [ J]. The Journal of Supercritical Fluids,
2004,28(1):21-27.

[22] Fei Chang, Hakwon Kim, Bokyoung Joo, et al. Novel
CO;-soluble pyridine derivatives and the extraction of
heavy metals into Sc-CO; [J]. Journal of Supercritical
Fluids,2007,45(1) :43-50.

(23] WEWINE AR5, XA, 55, LB R 5 48 miich
I S SR 3 U R [T, 3R TR, 2011, 29(SD)
282-288.

[24] Erkey C. Supercritical carbon dioxide extraction of metals
from aqueous solutions: A review [ ] ]. ChemInform,
2010,31(27):1 423-1 438.

(257 T . I 57— 40 fh e A 380 vily 356 468 O 80 I 7 00 1 5
WFFELD]. 35 5 b B A b R4 (R R L, 2017,

[26] Reza Khanpour, Mohammad Reza Sheikhi Kouhsar. Re-
moval of contaminans from polluted drilling mud using
supercritical carbon dioxide extraction[ J]. Journal of Su-
percritical Fluids,2014,88(4) :1-7.

[27] Kersch, Van Roosmalen, Woerlee, et al. Extraction of
heavy metals from fly ash and sand with ligands and su-
percritical carbon dioxide[ ]J]. Industrial &. Engineering
Chemistry Research,2000,39(12) .4 670-4 672.

[REHE HFILRF]

2 Lallallallallallallaltallallalfallalfallallallallalfaltal fallal fallaltal faltal fallal faltal falfal fal fal tal fal fal Lal fal fal fal falfal tal fal tal fal s
3 Ak
(L#% 26 )

[24] Bustos G,José Alberto Ramirez,Garrote G, et al. Model-
ing of the hydrolysis of sugar cane bagasse with hydro-
chloric acid[J]. Appl Biochem Biotechnol,2003,104(1) ;
51-68.

[25] Lee H J,Lim W S.Lee ] W,et al. Improvement of etha-
nol fermentation from lignocellulosic hydrolysates by the
removal of inhibitors[]]. Journal of Industrial and Engi-
neering Chemistry,2013,19(6):2 010-2 015.

[26] Chang A CC.TuY H,Huang M H,et al. Hydrogen pro-
duction by the anaerobic fermentation from acid hydro-
lyzed rice straw hydrolysate[ ] ]. International Journal of
Hydrogen Energy,2011,36(21):14 280-14 288.

[27] Pattra S, Sangyoka S, Boonmee M, et al. Bio-hydrogen
production from the fermentation of sugarcane bagasse
hydrolysate by clostridium butyricum[]]. International
Journal of Hydrogen Energy,2008,33(19) .5 256-5 265.

[28] Chu C Y,Wu S Y. Tsai C Y,et al. Kinetics of cotton cel-
lulose hydrolysis using concentrated acid and fermenta-
tive hydrogen production from hydrolysate[ ] ]. Interna-
tional Journal of Hydrogen Energy,2011,36(14):8 743-
8 750.

[29] Cao G,Ren N, Wang A,et al. Acid hydrolysis of corn sto-
ver for biohydrogen production using thermoanaerobacte-
rium thermosaccharolyticum W16[J]. International Jour-

nal of Hydrogen Energy,2009,34(17) .7 182-7 188.

[REHBE B E£]



F39E H3H
2021 4F 6 A

ReaBBEIE SR Vol. 39 No. 3

Journal of Shaanxi University of Science & Technology Jun. 2021

*

X EHS:2096-398X(2021)03-0034-06

Fe;0, @COF Kyl & & F T/ AE %
B B INT IRRI ST

kkE, RigA, ZEHL

(BevG R K2 i 54y TR, B 1% 710021

W E. AP S5 R (PAH) & 2K AR 5 4, 440 b F PAHs 84
M, E— AR R ek 2 A ALY P PAHs 9047 ik B F £ 8 L, @ s A ok R &
FEPE 2 A AE 28 (Fey O, @COF(TAPB-DMTP)) , A T4 R A4 il b 7 #+ PAHs #9 2 2 48 3£ 5
(MSPE) , A48 & % B £, St T MSPE A4, 5 45 4 248 &35 (GO) sk 2t L3t 47 & 8 547
2R R ,7 A PAHs #94 H R A 0.25~0.52 pg/kg, B FE A 75. 5% ~112. 5% , A8 5T 47 4 £
(RSD)M&F 7. 3%. 4 PAHs #4 M & 3244 T #1 B 3%

KR SRR BEENANER; HEAMER; L4EH#

RE4S%EE.0657.3;TS207. 3 XHEARERRD: A

Synthesis of Fe;O,@COF for analysis of polycyclic aromatic
hydrocarbons in edible vegetable oil

ZHU Zhen-bao, ZHAO Yuan-li, LI Guo-liang

(School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an 710021, Chi-

na)

Abstract ; Due to the trace level content of PAHs and complicated oil sample matrix,it is diffi-
cult to detect directly PAHs in oil samples. It is important to established a simple and facile
method for determination of PAHs in edible vegetable oil. In this work, magnetic covalent or-
ganic frameworks (Fe; O, @ COF (TAPB-DMTP)) were fabricated by solvothermal method
and employed for magnetic solid-phase extraction (MSPE)of 7 PAHs in edible vegetable oil.
Several key parameters were optimized to achieve the best extraction efficiency. And the
PAHs were quantified by gas chromatography (GC). The results shown that the limit of de-
tections of 7 PAHs were 0. 25~0. 52 pg/kg, recoveries ranging from 75.5% to 112. 5% ,and
RSD were lower than 7. 3%. This work provides a new avenue for determination of PAHs.

Key words: polycyclic aromatic hydrocarbons; magnetic covalent organic frameworks; mag-

netic solid-phase extraction; gas chromatography
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2 2 SiE A IR [B) 2 BUROCR IF A B 3 T, e, 10

min S 5 5 W B AR E].
100
80 T I

=60
~
g
v
>
o
j*}
& 40

20 —8— Nap —@— Acy —&—Flu

—v— Phe —4— Ant —»— Flt —— Pyr

oL I 1 1 . I . I 1 I : I
5 10 5 20 25 30

Adsorption time/min
B 6 R MBI 3 R R 4G e
2.2.3 VR

T NG . BE R 2 1R & TR X PAHs 1 U8 i
YEH. BB 7 Fis M R 5238 250 SRS X 4
BT 400 1) 0 MO S8R T . TR Ik s 0 Sk e A R I 5
2.2.4  PEBLETE]

WFE VeI () 7E 5~ 30 min N % 2% B8R 19
SEUA. WAL 8 TR . FEVE ML (8] 7 15 min B, ZEHL
SR TR ) B A L Bt AV B B ) 1 — 25 JE K, A HORK
I T E AL, T LA, e FEPE MG EE] 247 15 min.
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B Nop B Acy B Flu 6.3% HI5.2%). Jyift— 1Ak 5 ik ARG BE RN o B
100 - g Phe [N Ant [N Fit N Pyr JEE 3l 1 I P AW AR (10 pg/kg 50 pg/kg)

HEAT AR A Hr. S5 a0 3 Fras . [l R A8 75. 5~
112. 3% Yl P A A5 e 28T 7. 3 %.

ST A AR T ST TR K TR
CLRE MR PAHSs /9 43 87 07 1k AT LB 45 21
Wk 2 iR A5 1 £ 00 R P 0 oK b AL AT L i
B0 R SR W B 8 22 1 PAHSs, T L 2K BC ] 4
IRE) T M =R H .

2.4 FEFERA S
SRR RS C 20 SN 311 NI R B

Recovery/ %

Acetonitrile methanol ethyl acetate ﬁ‘]ﬂﬂ)ﬂ’xj@}fﬁ ,ﬂéiﬁ{ﬁ@f@jﬁ/%%ggﬁﬁ‘fé IE] 9 IEll:
Desorption solvent 2Bk 7E B MSPE 2% f4F F (5 i /. 45 St 3 3
Sk gy 3] K AR g 3 #e R G4 B4k N N N 3 N
BT RRARRAFRAE @Y R 6 R £ SR I % BT Nap. e 5
- 3.59 pg/kg.3. 78 ng/kg 3. 73 pg/kg 1 3. 04 pg/kg.,
] I AER SR B Pyr(1. 61 pg/ke) . o't PAHs #5
T 1 ETRE S
2 @)
< ool @ @O wle
2
g (1)
g wl =) ﬂ @) JJL
g
>
201 —8&— Nap —@— Acy —4&—Flu '%
| —v— Phe —<— Ant —b— Flt —— Pyr El® A A l JL
O 1 1 n 1

L | L L ) | L
5 10 15 20 25 30
Desorption time/min (c)
A ~ J\h A

B8 ZEBLErE Xﬂ'iﬂiﬁii%%}“@ I : I ; i : 1
6 8 10 12

2.3 FEEIELE Time/min

B p i o S M 2 a: PAHs #5 #£ 1) GC-FID (4 3% & 5 b i an kg 4
TR AU PE T AP B0 7 p e 7 b gy, 07 AT RS GOID A by BRI 50 a0k

- R — ) . MSPE Ji B GC-FID @3 14 ;¢ 28 H Bkl £ MSPE J5 9 GC-FID (&
GURANER 1 BTR T PAT R S (R = e R %04 . (1) Nap; (2) Acy; (3) Flus (4) Phe; (5) Ant; (6) Flt; (7)

0.998 3) AR BLAR A A HH R (0. 25~0. 52 pg/kgs  pyr.

S/N=3) E®RIR0.8~1.7 pg/kg,S/N=10), 7] B9 Axbik ks MSPE &4 F
22 10 H B A H AR X A5 E IR 22 (RSD 43 5K T # GC-FID &% 8
K1 FENESHFTROLZEER . BAFREEXEZH(R) LER . EER BN RERE
I3 Hr 2 v - LB LODs LOQs HE X A7 HE s 22 RSD( %6 ,n=15)
/PAHs /Cug/ k) (R [Cug/ke) [ Cug/ke) H H i)
Nap 1.7~200 Y=0.6253x+1.866 4 0.998 9 0.52 1.7 5.1 6.3
Acy 1.7~200 Y=0.624 0x+0. 4547 0.998 3 0.52 1.7 4.3 5.4
Flu 1.0~200 Y=0.616 4x+0.770 2 0.998 5 0.33 1.0 4.8 6.1
Phe 1.0~200 Y=0.704 0x+0.394 4 0.999 2 0.33 1.0 5.2 4.9
Ant 0.8~200 Y=0.698 9x+0.705 6 0.999 1 0.25 0.8 4.2 5.6
Flt 0.8~200 Y=0.700 4x+0.473 5 0.999 4 0. 25 0.8 4.1 4.5
Pyr 0.8~200 Y=0.711 1x+1.128 3 0.999 3 0. 25 0.8 3.9 5.2




%3 Hedfk 545 :Fey O, @COF (9 85 S H T & HAS By i vh 2 3005 12 19 73 B * 39 -
%2 AR PAHs MEFER DL &
; , , W R R PAHSs B9 W% B ]
R EE % 31 s e . LODs 2% 30k
/mg fﬂ(i /mm
MD--SPE-HPLC 0.015~0. 061
# B KR K FesOy/Cu: CuO/GO-NC 14 4 12 ’ [17]
-Uuv ng/mL
. . 0.2~0.5
SPME-GC-MS e 2 TAPB-BTCA-1 — 6 40 / (7]
ng/g
s " 0.000 8~0.208 6
MSPE-GC-MS ¥ 5i/K (15 . 5 MNP-PANI-DICAT 15 5 20 il [18]
©e/ L
N o R 0.01~0.18
MSPE-GC-FID ok Fe; Oy @BCD-Vinyl-TDI 20 5 30 I [19]
rg/L
. S 0.71~5.79
MSPE-GC-MS ik . PM2. 5 Fe; Oy @PDA/ZIF-7 18 6 30 i [20]
ng/ L.
. . 0.15~0.19
MSPE-GC-FID S73 Fe; O, /PI NPs 50 4 20 I [21]
rg/L
- ; . - - 0.25~0.52 .
MSPE-GC-FID & A Y Fe; O, @TAPB-DMTP 10 7 10 /k A5
18/ kg
F*3 LIRMEESH PAHs B EWER (L RSD,n=3) iR E
A Nap Acy Flu Phe Ant Flt Pyr
i; f Tgk; WE ER g ECE wE EE WE EE g ECE wE EE WE EE
o /(pg/kg) /% /Cug/kg) /% /(pg/kg) /% /(ug/kg) /% /(ug/kg) /% /(pg/kg) /% /(ug/kg) /%
0 3.59 - ND ND - ND - ND ND — ND —
Bk 10 11.70 81.1+4.6 7.72 77.2+6.8 8.35 83.5+7.2 7.55 5.545.1 7.99 79.94+5.9 10.37 103.7+5.3 8.54 85.4+6.9
50 51.72 96.2%5.4 51.36 102.7%5.5 38.76 77.5%£6.1 51.51 103.0%4.8 50.29 100.5%5.2 42.31 84.645.8 47.41 94.8%7.3
0 3.78 - ND - ND - ND - ND — ND — ND —
2R 10 12.73 89.5+5.8 8.02 80.246.4 8.92 89.246.5 8.10 81.0+5.5 8.83 88.3+7.2 9.33 93.3%+5.9 9.72 97.246.7
50 50.90 94.246.2 41.43 82.8%7.2 54.8 109.6=£5.1 49.64 99.245.9 46.27 92.5%5.8 52.77 105.5%£6.3 49.57 99.1%7.2
0 3.73 - ND - ND ND - ND - ND - 1.61 -
K ah 10 14.23 105.0%5.5 8.09 80.9%5.3 8.77 87.7%5.2 8.26 82.6+6.2 9.94  99.4+6.7 9.74 97.4%7.8 10.73  91.1+£5.3
50 58.06 108.6+4.6 38.35 76.7£5.6 43.44 86.846.4 46.14  92.247.3 55.63 111.2+5.8 55.31 110.6+5.9 52.88 102.5+6.1
0 3.04 — ND — ND — ND — ND — ND — ND —
B 10 13.53 104.9%£7.1 9. 44 94.446.7 9.99  99.947.6 8.13 81.3%£5.5 9.28 92.8%5.8 9.97 99.7%5.2 8.66 86.6+5.7
50 56.46 106.8+8.2 51.61 103.2+5.8 50.33 100.646.4 56.18 112.3+6.2 54,03 108.045.4 51,54 103.0+6.1 53.70 107.44+7.2

HND: A SR T LOQ

3

i

AR E S T ARG COF (Fe, O, @ TAPB-
DMTP)) N W Bt 7 45 & GC-FID fH T 4 Wl 3ih

PAHs

A M D5 k. B TTIE L T i

fi B %, T T [ I AG I 22 Bl PA s AL

PAHs

B S B TR B R T REME COF 78

B 15 3 0 M i i L.

2% Uk
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(1 BETORME: K2 & AW TR, PV 794 710021; 2. 7 BHE K2 A4t don . 77K 3§
Yl 5180555 3. BIHRIEHKLARA A, PevG B 712044; 4. WALHES TR0 FEE THRA, Wi £5
5 066102)

i B ARAABERERAA IR ABIR, LEABREFFHRRN AR TG EZEL L.
RRHFAHEERREGCRTAMR S ERL S E WM X, A B A5 et B R a9 #AF 28 8 2
AYGM. KB R A A TR SR EE-ORAT/ B bS5 # % (UHPLC-Q Ex-
active MS) &4 fig JT 40 52 57 77 ik, aF B R (D) Ao b Ab oF (DZ) “ K 0731 J& 69 4 5 i 47 g 4K
RSN, EER R AUANBRAASY, BEE 19 X, 016,40 2Bk (Cer) , B fi§ BLILBE
(PD , B Rg BEAZ 85 (PC) , H i = By (DG) , 3 F 5L 4 H b = By (MGDG) , ¥ 5L 45 H b = B
(DGDG) , H i Z 8 (TG, (O-Bt & )-w-7 35 Bg b5 B2 (OAHFA) , ¥ 3 5L 4 3L 5 Bt A 3 b 85
(MGMG) , 7 o 55 g B Re sk (LPC) L 75 o 5 fis B (LPG) . B8 IS Bt L B3 B (PE) L 2% o % 5 Bt
LB (LPE) , & £ Bk ig BEWLEE (LPD) , B A Bt 22 282 (PS) , B g 8% (PA) , I £ 55 i5 82 (LPA) ,
F Bg BeH il (PG) oS B g (CL). AR & s = - H] 3] A7 (PLS-DA) & 3L, 225 A AL Ab ot < & 367 A7
BEHEREEZF L E TR T IMANT TER.“ZARL"TELTUHRSG Cer, MGMG, PA
OAHFA.,LPC.LPG.PIl. 424 TG # 4 % ; B4k DGDG,.MGDG,LPE.DG,.PG.CL,PS.PE, ¥
4 TG A E ;3 TAMN T A" T L TUR G444 TG.CL,LPA,LPI,PI,LPC,DG,PC,
PG.Cer #4943 ; Bk ¥ 4 TG.MGDG.DGDG # 4.

KB KL Kb B5; el BAAS; BHARMEE-OHRAT/FH 0T HEMZ
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FES23ES.TS272. 2 NHERFRE: A

Study on the change of lipids before and after fungal-fermentation
process of Fu brick tea with different raw materials based on lipidomics

ZHAO Yan-ni', CHEN Dan', CHEN Xue-feng', ZENG Qiao', XU Mu-dan',
LI Hua*" , HU Xin’, LIANG Yan®, ZHAO Jie-yu', LIU Huan'

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an 710021,

* WFS A HA.2021-01-27
EL£TWAB EHRK A KB A I H (31800328,21904057) 5 BG4 G157 A8 /1 2 #0195 H (2018 TD-019) 5 Bk 7 44 Bl £ T & &AU0F & i1
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Abstract: Fungal-fermentation is a solid-state fermentation process caused by Eurotium cris-

tatum and the key process for the flavor quality of Fu tea. The flavor characteristics of Fu tea

are related to many aroma compounds derived from lipids degradation. However, there were

relatively few researches on tea lipids. In this study, the lipid profiles of black tea (T) and

Eucommia ulmoides leaves (DZ) before and after fungal-fermentation were analyzed by ultra

performance liquid chromatography-quadrupole/electrostatic field orbitrap high resolution

mass spectrometry (UHPLC-Q Exactive MS)-based lipidomics. 414 lipid species,spanning 19

lipid categories were tentatively identified, including ceramide (Cer), phosphatidylinositol

(PI), phosphatidylcholine (PC), diacylglycerol (DG), monogalactosyldiacylglycerol (MG-
DG) , digalactosyldiacylglycerol (DGDG), triacylglycerol (TG), (0-acyl)-w-hydroxy fatty

acids ( OAHFA ), monogalactosylmonoacylglyceride ( MGMG ), lysophosphatidylcholine

(LPC), lysophosphatidylglycerol (LPG), phosphatidylethanolamine (PE), lysophosphati-

dylethanolamine (LPE), lysophosphatidylinositol (LPI), phosphatidylserine (PS), phospha-
tidic acid (PA) ,lysophosphatidic acid (LPA) , phosphatidylglycerol (PG),cardiolipin (CL).

Partial least squares discriminant analysis (PLS-DA) showed there were significant differ-

ences for Fu brick tea samples produced by black tea and Eucommia ulmoides leaves. Univa-

riate statistical analysis showed that for black tea,the fungal-fermentation process increased
the contents of Cer, MGMG,PA, OAHFA, LPC, LPG,PI and short-chain TG, and reduced
the contents of DGDG,MGDG, LPE, DG, PG, CL,PS,PE and long-chain For Eucommia ul-
moides leaves,the fungal-fermentation process increased the contents of short-chain TG,CL,

LPA,LPI,PI,LPC,DG,PC,PG and Cer,and reduced the contents of long chain TG, MGDG

and DGDG.

Key words: Fu tea; fungal-fermentation; black tea; eucommia ulmoides leaves; lipidomics;

ultra performance liquid chromatography-quadrupole/electrostatic field orbitrap high resolu-
tion mass spectrometry (UHPLC-Q Exactive MS)

0 35

AT W £ ™ a i v e T AR T 1Y 22 S o Y
NAR RS PR TR 4 K T 2R R s 4 I 28 DU R
JeARZIE— M e KA ALBEAN SELELE R )

Jot 45 8 7 Ay T ELAT AR BT i T R
AE S AR M AR 2R A 77 i i v ™ A DA 5% Hi a8
BN SR A AR AR AN T ad FE R A Y
T AR DO H Al 2k i TR T A
F4 2 30 5 4 o) — o B PR AR 0 L A filT R S O TR 2R
KOVBHH LUS A RO " A e L 52, "

i}

A" REIG S B T AR MR R L T H B Y
Hoim FIT P T RS s

i 2 e figp 28 Al R R R R U
Bz — RZ 5K AR A RN EF "R
AR 2% & SR AR 19 T 2 20 43, Ho 2R 5Y

SRR ARG I R 2 C6-C10 g 0 15 75 B Ak & 4
) F B AL A0 (ED-2- 2 0 B2 AN (Z2)-3-0 M I (2
IS G BRI ) s Yang S5V HIE  BR S B R 7 4R
1) C6-C9 A Jli e T | i 26 A W) o 02 25 i 7 2R e
fief i A AR Y I K 5 Cao T 5T & B [
SRR R Y i s G R R VR T i R 1 AU Ak
%uﬁ%ﬁ@. X G AL A R A R R B KUK
JB, AT HR AR IR A AL B LR A, B AT A IR T

BE5E 1 2 R AR €3 BE A (GO-MS)™
RO €38 CHPLO) ™ 45 4 AR 5 21 49 B,
RT3 6 43 7 A A7 76 3 BT I 4 5 5 o
U R A

B 0 2 %8 378 1 3R 52 0 —

BEAR A 22 9 73 32, IR B 24 T A 1ok
b Xk A= AR PN 2 W B AT AR G Y E A E R )
B BAT A R s R SR R B
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T A YA e A58 . B Ik 7 S ST T
— P UPLC-TOF-MS/MS f4 i i 6 2 J5 v %
FISErE Fr #EAT T A B . 25 RSk 2 e th 232 FhR B 43
T s Pablo %57 ] H 2 2 WA €0 3% 5% 35 36 19
JR 2 B AR B EE IE I R b S T 393 A
NEFAr T, B 23 NG R Li &0 sy T
FeF UPLC-MS [ i 5t 41 2% 50 B 05 v W40 55 m T
R IR S AR AT TS S5 SRR S
- £ 22 8 Aot L SHOBE S A 38 R HG Al Bt oD S 1R A Q3 A
KHINRRY KA T W ARk,

7T S BRAS 5] ek sl Bl 1) AR 255, H: Ty B FUER B
il TR AE B 22 5911 BB R VE IR 2% 1 4% 4 i
FARE, AR AT LA E S P 43 (0 e Ak i3 R
A% B AR A RE R P AR TR B4 A 2 A
P ELGEUR 45 A T 2 AR 25 F Dy s, B 1 I
BRI B S5 T LI ARk, A A 2R AR Sy — T
B PR AR | 32 B ORI 2 Y B9 DR T

AR 5T R F 5L T8 5 550 AR € - DU e R/
FA 37 B3 WF 5 20 ¥ T (UHPLC-Q Exactive MS)
(14 B J5T 20 2% J5 W I 5 A% 496 PR S RURL A it K 46 7 T
Jei P8 R 28 143 1 A7 AR R L LA SBI DA A b 1
A A KU Y 1 4 7 R AR 6 S I T 2
AUAILEE , SRy AR 7 b itk — 28 & R T 22 RE AR AR 2% 1l
(I & HR AL R 2= AR 4.

1 MBR5FE

1.1 #MALELE
1.1L1 EZMESEH

PRASHE i 2 43 ) DA 22 Ak B2 G e 224k LA i
W I 74 s D Sy Uk 7 ) — i T % T n T A A
MR BE R AW AR TR BT — 80 C IR 17 (%
T BE T DR A 25 i, AR B AR 1)

HPLC g0 3K 7, A 45 5 79 B2 (IPA) | B i
(MeOH) , Z 5 (ACN) , ¥y H 25 [ TEDIA /A #) 5
FILAU T 26k (MTBE) L LR % . W A 3¢ [H Sigma
25 A Ak B 26 E Milli-Q 2 #F.

1.1.2 B EE

CTFD-10S ¥ R TH:AL, & & K & QUE -+ &
oA BR 2N w5 i oy AL 3 N 00 D7 B 7 2 b A B
) 35424R 5 S R B G AL, 75 E Eppendorf 2
Al V8 R B0 TR 45 X, 56 [’ LABCONCO 2
BS224S 43 Hr K b 5t 3 2 R AL 4% R 58 A BR 2>
H; VORTEX2 i i€ #k ¥ @, 18 E IKA 2 #;

KQ3200B # 75 I 15 Ve » B Ll i B e A2 A PR
5 i RO A 3 - DU R / PR 3 T ki 43
it (UHPLC-Q Exactive MS), 3 [# Thermo 2%
Gil

1.2 %%k

1.2.1 HEARTAL2E

FRFET —80 CUKFEEUE , & F ¥R VR T HL
T, SR FH v TR W ML 2R R R AT R R AR USSR
20 mg FELET A 300 pL HEEBKAM 1 mL
MTBE. #2711 h J5. A 300 L H,O R JiE
30 s, fF 4 ‘CF&HHE 10 min,14 000 r » min ' F4 3
B0 10 min, B 500 £l FIEWE T, F—80 CAR
fF.

HEREATRT IR T 100 pL B 2/ S EE/ K
=65/30/5(v/v/v) W T, W fE 3 min, L 14 000
r* min "FEEAE 10 CTELO 10 min, B EER T
R

Jp i 3 T UHPLC-Q Exactive MS 1Y JIE 5
Y2 5 VR TEAE o0 B 2o A R e M R R S L £
TE T AT B 0 e v A e R S R 3 N
SEAE S U A R I A AR TR G O T A AR A
(QO) ., ¥ 5 M A Z - Hr ol 4% B Lk Tk 5
B AT b BR 43
1.2.2 3% &M

% Dionex UltiMate 3000 UPLC system % 4t
(Thermo Fisher) F1 {4, #: C8 AQUITY (2. 1 X 100
mm X 1. 7 pm, Waters) # 47 LC 43 %5, Jr JH i 3 4
s ACACN + H,O=6: 4,7 10 mM 2R
B W EhH BAPA : ACN=9: 1,3 10 mM Z &
B s PREF M (TPA + ACN = H,O=65: 30 : 5) ;i1
0.26 mL min ' s#E R :55 Cs AR . 5~10 pl;
FEZEMRAE 10 “CH BEMAEE . 0 min 68%0 A 1. 5 min
68%A.15.5 min 15%A.15. 6 min 3% A.18 min 3%
A.18.1 min 68% A .20 min 68 % A.

1.2.3 %KM

UHPLC R4 %5 5 T (ESD RS Q Ex-
active Orbitrap AR, 435128 F IE L B 7R UR
BB B 35 arb AN 5 arb, BN AL 3 kV,
BT IRE N 320 C. B SHAsRF A5
R E Ry 120 000, FHE FEI R 150~1 600 m/z, B
FAREfE B . 15.30.45 EV#,

1.2.4 Hdsibr
46, % A LipidSearch (version 4. 0, Thermo
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Scientific, Rockford, IL, U S A) T./F i fiff & H ¥
TE 1Y i 5T 43 . 3 2k L X £ B ) RS B i
MS/MS — g fr i 17 I8 B o 7 1 & M. TE
TraceFinder EFS #t{4: (version 3. 2; Thermo Sci-
entific, Rockford, 1L, U S A) 1 52 81 % 5 M 8 it 43
5 1 e TR RRUAR B AR e 0 3R v R SIS 0 B Y D
T AU — ZAE S O AR A R B TR, S AL
B YIRS PR R T QC AR AR A X bR
e 22 (RSD) /T 30 %0 1Y i ot 2 ¥, ik J5 22 48 1t
“E00HE. R SIMCA-P 14, 0 PEAT A W B 5 iy
G3 T (PCAD Fil i 5 /s — 3 171 U5 43 #7 12: (PLS-DA)
#r.

JH SPSS 18. 0 #4725 & Student’s t-test K5,
i A i 25 S AR, AT R Mev 4. 7.4 58
A g B A 44 R 4R 5 AR s LIPID MAPS 43 28 &
gﬁtléﬂ'

P

2 #RE5ITE

2.1 REABIRERS S

BT BR TR X AR AR Sl AT A B o BB (25
FLAn & 1 7. M 4 A 43 7 5 i L A B8 A U] A %
TS B AR 414 NSRS T R T 19
KRR, EE A4 Cer. DG, MGDG, DG-
DG.TG.OAHFA .MGMG.PC.LPC.PE.LPE,

PS.PI.LPI.PG.LPG.PA.LPA.CL. Hiktns 1
s

1.40E+010 a

1.20E+010 [~
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Isolation and identification of endophyte PTL-1 from Suaeda salsa

and its secondary metabolites

ZHAO Qian-gian, WANG Min-min, LUO Cheng, QIN Jing-jia, LI Ya-rong, TIAN Lu”"

(College of Food and Biological Engineering. Shaanxi University of Science & Technology, Xi'an 710021,
China)

Abstract: Plant endophytes can not only participate in the synthesis of plant active ingredi-
ents,but also produce the same or similar metabolites with host plants, most of their metabo-
lites have biological activities such as anti-oxidation,antibacterial,and anti-tumor. Therefore,
it provides the bacterial resources for searching for the new natural medicine and the applica-
ble compounds with biological activity. In this study,the Suaeda salsa was taken as the re-
search target. The strain was identified by means of molecular biology. The secondary metab-
olites were separated and purified by means of multiple chromatographic techniques,and the
structures of the isolated compounds were identified by nuclear magnetic resonance spectros-
copy. Six strains of plant endophytic fungi were isolated and purified from Suaeda glauca,

with high DPPH f{ree radical scavenging was used as the starting strain to identify the
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strains. Two steroid compounds were isolated and purified from the fungi. The result pro-

vides the basis for the study of endophytic metabolites and their biological activities.

Key words: Suaeda salsa ; plant endophytes; steroid compounds
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R BETERL RKNEL RANERE W A
PLIRR A5 40 A W - K 22 HL A 0 I 37 M b o 3% 1
PSR TE M TS B B L G A ] KOG L Y B
BERET.

W% I8 (Suaeda) FHY) 12 50 A T 1 545 Hb 1)
X R A Y R T EEM
A FEY BRSO R PR BT AR K i AR R A
b AT REZT G MY B L R AR AR K
T 5 0 52 AR R 43 S LR A g LT

AT 58 N BSE o B Al Ak A5 2] 6 Bk P AR FUE
DL BB B e % DPPH B B389 PTL-1 B bk
S B bR B 8 o TR W2 T B TR AR AT S
SE o RS TR] G5 4 AR B (335 43 AT I 36 6 B ik 4 18
PR HEAT o 8 S M . B AR TR 3R R R e T £ A
WIAR B BC A B LA = ) 2 4 L SRy b 28 TR TR
1) & AR FT R 3.

ill}

1 #RMTE

1.1 ##+

1.1.1 HE

B 3 B A5 5 6 Bk N AE ELTR, B R TRV
PRI B k. AR )RR U SR A R O A 4
CORAF £ . T —80 “C KA PR AT
1.1.2 ¥rd

PDA 557 5. 200 ¢ B8 %, U T K& 30
min. 33 BE RN A A B 20 g.1 000 mL 7K. B
20 g.

1.1.3 W M A Hs

PCR W& & ) F TAKARA 23 7] ; PCR 5]
Y B A TR PR /A s A AR - 30X100
mm ; 7 B HFEE K : Sephadex LH-20.

PCR 1Y 2720 thermal cycler (Applied Biosys-
tems A ; MQ D-0. 4 B JE Jj 28 7 K & #s B &
BEy7 i) ) s SW-CJ-TF B A XU b T4E & (F5
PN % B A BB A BR 2 WD 5 e B 7% &AL N-1300

(2 AL ZR A BR A D 5 ZF-2 7 = 4043 it
AT e 2 B FALER ) 5 A R 8 X T 8 4
(V4 22 5 35 RS2 Wl 3 AT BR A FDD s TR 96 FLAR (3§
B R B (R ED A R Al s Bruker Avance
400m A% g L PR P 1% 43 BT AL (FE [ Bruker 22 H)).
1.2 %%k
1.2.1 HAEREBENS S

PR A B A 40 Ak T BT R B %
MR MHE BT B R BT 755 L BE 3 min Al
S5UAMREN 5 min AT RMIE LI, R IF IR
TFHACH BR BNV W 3 min BEAT TR JC I K vl
=k, IR R R — U Uk 4 TG TR K R Sk T X B
W RN RS M BE A LU 1 g BT HER N IMA
5 mL JCE /K5 7o 4300 S . A S S B L 0. 1 mL
i B =AM BETE PDA AR B URAR. 28 CHEFE 1 %
3 AL MR B VR T S K B Bk BOR 7] B 9% . 2 4lifk
J& Hm A58 T — 80 °C.
1.2.2 DPPH « { H#&iERR LK

SR DPPH (1, 1- 28 3-2- = i 56 K JHF) 15 )
S A BR MR LI 0 B SR AR TR R R R R Ay
M 2 mg/mlL.4 mg/mL.6 mg/mL.8 mg/mL Al
10 mg/mL, 6] 4% & W & & M A 200 pmol/L Ay
DPPH H EE¥ W 3 mL A 5 CHLEE 9 I B it s
A3 BB B R [F R FERE A 2 mL 8% 30 min
J&F 517 nm Zb I E WG B, 25 4 R AR B A
fi s o PR ZH P Y AR DPPH P B 1A W, AR 8 1 Ok
JEE T H B R 0 10 B S TR PR SR 1Y) B AR
1.2.3 HirEHkER

H b5 i ik %5 E 2 BROSCHk 13 107 %6 40 25 15 5]
[ 6 Kk P9 A R AT R0 0 R AR TR MR PDA K597 3%
220 r/min.250 mL K IR A F] 500 mL #EIE I
P ER 28 CL % R 220 r/min IR 35 A K B
Kigt 21 K, 21 RJa WU 85 % 38, 08 5 4 U8, U8 W
LR (AT . LR O g = S8 =1.5 = DA
15 BHLIR T, TR R S FH R TR i R A R B ) & 4
HUAS TR PR G 3L P 4] DNA FE MR AR. SR FH BB P 5%
SRR 1 A2 P30 A58 FH 514 1TS1(5'-TCCG-
TAGGTGAACCTGCGG-3")Fl ITS4 (5 -TCCTC-
CGCTTATTGATATGC-3D #4579 1. ¥
WA T AR T AR RS w4 T I of 45 31 1Y) o ik
B R e B #E NCBI H iE 17 Fe 81 L XL 3145 5 H
G AR ARL A HE At T AR B9 %1 5 CLUSTALXI. 83
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R R AT R 5 DL HE BA % BE L, MEGAT. 0 5
Fp QT A R S AR
1.2.4  RERHCH Y6 &

K T TRORLE 9 1 1 4% 1T 2 2% SOk 14 ). BBk &
B 21 d Ja B 2 T e A i A5 3] i R B 24
R AZIRUEW + LR OTR=1: 1.5 WKL &
MROTRAI L, ER AW 3 KB ZE 5 A
HLJZ ZE U, 200 s 28 R A0 Wk 4 28 25 T GRS »
45 C LB A5 v/ minD BB HREE A, D H
BV BRSO, A AR5 T AR A7 45 . K ol 22 1R 4
EE T 500 mL YRR, LLH BER 2, & T
WP ELRIE L ERR 2 h i RS g S8 1.
SR R O FATHEL, EE KA
22 R O L VR R 40 15 B TR 24 0K TR < TR AR B2
B B TR = O, AR E T bRl
2% Hl.
1.2.5 MY 54

FHLAR W 1 43 85 4l Ak vl 2 2% Sk [15].

(DR ZEN (R B)

¥R B IEAT IE AH 6 AR 2 Hr 4 M, FH Al
fif : NE=1:0.,20:1,10:1.5:1.2:1/11:1
A A7 8 RO 700 320 4 7 466 B8 o 06 . ] P ARG 422 A 39 O 9
fh AR 5 mLL, 28 TLC K. & I A1 W 4H 5. 15 21
9N TR F .

(2) 5 R WHBE A 2 BT

SE6 ] Sephadex-LH-20 %Y 3 58 40 6 ¢ 3 17
gifb, B LRy F, AR EZ 2 mE LA H
Pt R A5 e I FF WG AL 22 T 32 46 WA 42 o K L
F AL B i 2 S A A T A R 44y L 47
Atk 5 1 KL Fosn» .

(3) IE A B S A 2 M X s 0k — 25 4 B 4lifk

MG AL 70 Foo 19 0 05 £ 5 18 M BE I A, Tk ke
.85 2 CMRME=50:1.30:1.,20:1.10: 1,
5+ 1R+ 1 HEATHLEE VR L. RS PE MO WS 5 =
FEURBE . TLC XS A7 R, 745 B 4l ik & 9
2.
1.2.6 HRILAWIMEE % E

HRLILA U0 458 % 0 B R kDY
Ay B  ERARAL A 1 A 2,43 B 0. 6 mL AR
RGNV M5 . JE 17 A% R 6 W% B s A, i ' H
NMR.,"C NMR %4 25 5 K SC ik o8 0F 32 17 45 44 o

g

rE.

1.2.7 RIS DPPH » [ i 55K LI
T il HE BE 43 591 4 300 pg/mlL . 500 pg/mL.700

pg/mL.900 pg/mL.1 000 pg/ml, 2 TR 925

D5 ¥E R 43 B AR 3 B A AR 565 W4T DPPH

AR .
2 HR5H®

2.1 WML B AT H DPPH Fh4E A

XP7SFIRE MR B R 5 T 35 5% 55 (250 mIDFE 37
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LR =B AT i A Ak, A5 R & 1 s,
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Penicillium chrysogenum strain MN-Z]:4
61 | Penicillium clirysogenum strain DTO23511
w0 | Penicillium rubensstrain DTO235E3

Penicillium chrysogenum strain CBS 306.48

Penicillium rubens strain DTO236D1

Penicillium rubens strain DTO269C2
Penicillium rubens strain DTO236C7

100
15 Penicillium tardochrysogenum strain CBS 132200
5 L

71 | Penicillium chrysogenum strain CBS 132208
PTL-1
00 | Penicillium chrysogenunstrain AUMC 14100

Bacillus amyloliquefaciens strain W16

(b) Je T ITS 751 %5 5 18 bk 1 2R 50 K & W
B2 HAETER

2.3 BAkLE My Bl

XPARBESE SR 8 L 55 3R W 48 ik o B A 3 TR 22
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RERCAEJZ M R A7 20 0 HAR Y 3 g i Ak A2 fn &) 3
JIr 7. DAk - P9 IR S R R0 2 AT R BE R L 1T P
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S S BEA Y 1R 2C B 4 B 5 TR . &R
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(k& 2
A6 FRiLoSMeEMH

WEH 1 IR & K. ESIMS (m/z 397[M+
H] D446 C NMR 45 153 F Xy Cs Hy O. A7 443
b & ARG A (ANER 1~2 i)

'"H NMR (400 MHz, CDCl,) ;68 0. 622(s,3H, 18-
CH;),0. 807-0.839(2d, J =6. 8 Hz,6H, 26-CH; , 27-
CH,),0.901(d, J = 6. 8 Hz,3H,28-CH,),0. 938 (s,
3H,19-CH;), 1. 037 (d, J = 6. 6 Hz, 3H, 21-CH; ),
1. 255-2. 039 (m, 19H), 2. 278-2. 310 (tm, 1H, H-4a),
2. 444-2.500(m,1H, H-4b), 3. 600-3. 635(m,1H, H-3),
5.168-5. 208(m, H-22, H-23) , 5. 358-5. 388 (m, 1H, H-
7),5.542-5.562(dd,ITH, H-6).

"C NMR (400 MHz, CDCl;): 8 12. 03 (C-18),
16. 26(C-19),17. 59(C-28) ,19. 63(C-26),19. 95(C-27),
21.08(C-21,C-11),22. 97(CG-15),28. 29 (C-16) , 31. 96
(C-2),33.06(C-25),38. 34 (C-10,C1),39. 04(C-12),
40. 43(CG-20),40. 76 (C-4) ,42. 79(C-24,C-13) ,46. 19(C-
9),54. 52(C-14) ,55. 66 (C-17),70. 42((C-3),116. 24 (C-
7),119.54(C-6),131. 91(C-23),135. 53(C-22),139. 76
(C-5),141. 35(C-8).

EHHRR AL A 1 IS5 2 (22F.
24R)-ergosta-5,7,22-trien-3p-ol.

WE® 2 1 EF K. ESIMS (m/z 429[ M+
H] %56 C NMR 45 5y 1200 G Hy Os. A7 4153
b & VRGO (R 1~2)

'"H NMR (400 MHz,CDCl;) ;6 0. 818 (s,3H, 18-
CH,) ,0. 802-0. 882(d,6H,26-CH; ,27-CH;) ,0. 911(d,
3H,28-CH;),0. 894 (s,3H,19-CH;), 1. 002(d,3H, 21-
CH;),1. 200-2. 200 (m, 21H, steroid skeleton), 5. 140~
5.208 (dd,2 X 1H,H-22, H-23),6. 233(d.J=8.5 Hz,
1H,H-7),6.514(d,J=38.5 Hz,1H,H-6).

“C NMR (400 MHz, CDCl;): 6 12. 83 (C-18),
18.15(C-19),17. 53((C-28) ,19. 93((-26),19. 61(C-27),
20. 84((C-21),23. 35(C-11),20. 58(C-15),28. 64(C-16) ,
30.04(CG-2),33. 01(CG-25),36. 85(C-10), 34. 62(C-1),
39. 26(C-12),39. 73(C-20),36. 89((C-4) ,44. 50(C-13),
42.71(CG-24),50. 98((CG-9),51. 61(C-14),56. 10(C-17),
66. 39(C-3),130. 68(C-7),135. 15(C-6),132. 22(C-23),

135. 36(C-22),82. 12(C-5),79. 38(C-8).

IR R ZALE Y 2 AR SE A
G 2 N 5a, Sa-epidioxy-( 22E, 24R )-ergosta-6, 22-
dien-35-ol.

x1 LAY 1,2 H"°C NMR iE

Compound 2

Compound 1

0. [ 0. o

Position
(literature (measured (literature (measured
value) value) value) value)

1 38.43 38. 34 34.67,t 34.62,t
2 32.06 31. 96 29.83,t 30.04,t
3 70. 46 70.42 66.00.d 66.39.d
4 40. 87 40.76 36.93,t 36. 89,1t
5 139.77 139.76 82.19,s 82.12,s
6 119. 65 119. 54 135.13,d 135.15,d
7 116. 36 116. 24 130.60,d 130.68,d
8 141. 37 141. 35 79.43,s 79.38.s
9 46. 33 46. 19 51.14.d 50.98,d
10 37.10 38. 34 36.77,s 36.85,s
11 21.15 21.08 23.32,t 23.35,t
12 39.15 39.04 39.31,t 39.26,t
13 42. 88 42.79 44.52,s 44,50,
14 54.61 54.52 51.64.d 51.61.d
15 23.03 22.97 20.53,t 20.58,t
16 28. 26 28.29 28.49.,t 28. 64,1
17 55. 84 55. 66 56.21.d 56.10.d
18 12.09 12.03 12.78,q  12.83.q
19 16. 31 16. 26 18.06,q 18.15,q
20 40. 41 40. 43 39.53,q  39.73,q
21 21.15 21.08 20.78,q 20.84.q
22 135. 60 135.53 135.43,d 135.36,d
23 132.06 131.91 132.28,d 132.22.d
24 42. 88 42.79 42.72,d  42.71 .d
25 33. 14 33.06 32.99.d 33.01.,d
26 19. 65 19.63 19.81.q 19.93,q
27 19. 98 19. 95 19.52.q  19.61.q
28 17. 64 17.59 17.45.q 17.53.q

7 10, : The literature value *C NMR (300 MHz, CDCl3) ;0¢ :
The measured value *C NMR (400 MHz,CDCl;)

*x2 EW1,2 H9'H NMR 1B

Compound 1 Compound 2
Position oH (] in oH’ (] in oH (] in oH’ (] in
Hz) Hz) Hz) Hz)
18-CH3 0.61.s.3H 0.622,5.3H 0.82.5.3H 0.818,5.3H
26-CHs 0.79~0.88,d, 0. 807~0. 639, 0.80~0.85.  0.802~0.852.
J=6.8Hz3H d.3H d.3H d.3H
7 CL: 0.79~0.88.d, 0.807~0.839, 0.80~0.85.  0.802~0. 882,
TR J=6.8Hz3H d.3H d.3H d.3H
0.90.d,J=
28-CH: 0.901,d.4 0.91.d.3 0.911.d.3
3 6 81131 1.d.3H 1.d.3H 11.d.3H
19-CH3 0.93.5,3H 0.938,5.3H 0.89.5,3H 0.894,5,3H
21-CH3 1.02,d,J= 1.037,d,3H 1.00,d,3H 1.002.d,3H
21-CH: 6.6 .31 .037,d,3 .00,d.3 L002.,d.3
s 2.26~2.27,  2.278~2.310,
@ tm, 1 H tm, 1H
2.41~2.49,  2.444~2.500,
Hrib ddd. 1H m,1H
s 3.60-3.66,  3.600~3.635,
m.1H m.1H
H-22 and 5.16~5.20.  5.168~5.208. 5.15~5.21.  5.140-5. 208,
H23 dd.2xIH m.2x1H dd.2 xIH dd.2x1H
5.35~5.38,  5.358~5. 388, 6.25,d,J=
L7 / 233.d.
w7 m,1H m,1H 8. 5Hz, IH, 6.233,d. 1H

# :0H : The literature value (J in Hz) ;1 H NMR (200 MHz,CDCl3) ;6H' : The meas-
ured value (J in Hz) : 1 H NMR (400 MHz,CDCl3)
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2.5 ks dhey) DPPH « A WA Fk £5

TSz AbS W 1 2 4 B E Mk 300
#g/mL. 500 pg/mlL,700 ug/mL,900 pg/ml.1 000
pg/mL 4T DPPH « [ Hi 3 19 7 bR SR AG . 52 56 25
REW ALEWAE 1 000 pg/mL I LG 1 F1 2 XF
DPPH - F HEEMIEERRE/NT 15%. B k&9
1 F1 2 %} DPPH -« [ 19 15 BR 1V HI 455,

3 Aig

A SO T o3 2 Al AR A5 5 6 Bk 9 AR TRk
PAPC SR AL 1D bR 0 8 1k L A2 BUB B 2 %) DP-
PH [ i 24 RIS BREE 1. ARG T AW 205k
00 A M T T B PR R 0 BT SR O T LT R
AN PTL-L IR TP R R kR & L8 &
W2 T 26 RN e 4 15 TR 22 AR IRE S RE 23 ) ok ik
JBEHE 2 A R0 8T SR S5 i = AT 45 0 B T B K
AR M AT S B A

E— A5 I JHAZ % S 4R e 38 X o3 1 A5 2 A AR
S YT A % E A5 3 2 A IR AL S W, XX
P &Y 1T DPPH « H i1 506 B 52 56, 45201
RUIPIA SRS Y89 DPPH « A i 2 B 1R
FHAESS . IR A5 18 S i 198 A W03 P IR W L K ) 3
2K Wl 3 B R A 0 T 0 M) P R AR A B D
A AP IEER RR Y BA EE NS L.

S % Uk
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R FRHTEFERER AN FETR

B OR, EHS, 8 ', ZFE, &R, ERES

(1. Bevg R K2 ﬁ&'ﬁ'—ﬁi%ﬂ%i‘é&%, BevE V¢ 7100215 2. I T 2540 B A . BRPY W 7230005 3.
B VG U I K24 A v Bl 2F 2 e VS AL WG 25 A IR OT & B R TR A, BRPY PEE 710119)

 EWMTRARFNEAAK EFTEFSZEA. BATHFRA EEZA ZEBH T LA
F RECEBANARBR—ERELE. AR RIEW A BH T ERATHT, RAER X
Wi ik G5 IR AT ik VAT O ER AL A M a e R B A A A IR AR T A R Y
REHRETE AL DPPH Ak £2AAHANARE BRANBE TAREANRF. KR
TP EW R RIS BN F R, S REANZETFRAEAMAAKREZAS 1:0.4(g: mL) . AH R
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Study on the processing technology development and

antioxidant activity of Aconite

XIA Fei', CAO Jing-jing'» FENG Jie' s, WANG Meng-wen' ,
LIU Zhi-chao*, CUI Lang-jun®

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Hanzhong Medicinal Materials Corporation, Hanzhong 723000, China; 3. College of Life Sciences,
National Engineering Laboratory for Resource Development of Endangered Crude Drugs in Northwest China,

Shaanxi Normal University, Xi' an 710119, China)

Abstract: Fuzi is widely used in Chinese medicine because of its good medicinal effects. At
present,the processing of aconite is mainly based on the processing technology of bile. The
residual bile will cause a certain degree of harm to the human body. In this study, the pro-
cessing technology of Wudanfu Tablet was studied, single factor screening,combined with or-
thogonal analysis method,and the content of aconite diester alkaloid and monoester alkaloid

were used as indicators to develop the best processing technology for Wudanfuzi. At the same
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time,the scavenging rate of DPPH, the scavenging rate of hydroxyl radicals,and the scaven-
ging rate of superoxide anion were used as indicators to explore the in vitro antioxidant activ-
ity of Wudan steamed tablets. The results showed that the water consumption for the infil-
tration and drying of the raw film was 1 ¢ 0. 4 (g : mL), the steaming temperature was
120 °C ,the steaming time was 50 min, and the drying temperature was 100 ‘C. The mo-
noester alkaloids in the steamed film were obtained The content reaches 0. 308 5% ,and the
content of diester alkaloids is reduced to 0. 014 8%. This result meets the relevant require-
ments in the current Chinese Pharmacopoeia. The results of in vitro antioxidant activity
showed that the scavenging rate of DPPH in vitro can reach 87. 832% and the scavenging rate
of hydroxyl free radicals can reach 29. 253 % at the concentration of 10 mg/mL. The research
and development of a processing technology of Aconite without gall bladder lays a solid foun-
dation for the safe and effective application of Aconite.

Key words:aconite; no gallbladder processing; process development; orthogonal experiment;
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(BRPERHE R BRI 5 LR E, BRI 14 710021

W E.HARZAMK(TIONS rHAREHBAARL=ZFAARR(GOTS) R FAF T A
R % @RI (POSS) BUE 4] & Btk h K = B AL 4K (TiO,-GOTS-POSS. TGP) . # TGP 5
KM ER B A G (WEP) i A4 & 21 5k £ 4% # (TGP/WEP). £ A FTIR,XRD, /K 3 fik i . B K
F FESN K A4 B AL AR e w3 K AR S ik 2T O TiO, A= TGP/ WEP ikt ik & 0y 4%
My o P AL BEAT A M R AE, 25 R R L B S ok TiO, R A MKk TGP, /3 TR FE KM A #HABZ
W, TGP/WEP A 4% EXAHRTHARB OB KGR, A ESHEKEMALIT 153.6 °,
REALABAKFIK W E N K ORI KRS B F LR K B A 3R B 4% E 4 5, TGP/ WEP
MR I A RAT T RAR A B 6 B R A BT 0 M BB B AL B R BOR.
FEE MR R BRI KEIREMI; ARI G R EE; 2B%)B

FE S ES TB332 XHEFRERD: A

Preparation and performances of superhydrophobic nano-TiO,
and composite metal anticorrosion coating of TGP/ WEP

LV Sheng-hua, YANG Zhen, SUN Li, LIU Lei-peng

(College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science & Technology,

Xi'an 710021, China)

Abstract: Modified titanium dioxide (TiO,-GOTS-POSS, TGP) was prepared by reaction of
nano titanium dioxide (TiQ;) with y-glycidyl trimethoxysilane (GOTS) and aminopropyl
isobutyl polypolysiloxane (POSS). Nano TGP was mixed with waterborne epoxy resin
(WEP) to prepare nanocomposite coating ( TGP/WEP). The structure and properties of
modified TiO, and TGP/WEP coatings were characterized by FTIR, XRD, water contact an-
gle,water absorption, UV radiation resistance,electrochemical impedance and salt water cor-
rosion resistance. The results show that the modified nano-TiO, becomes nano-TGP, which
has obtained super-hydrophobicity and thermal stability. Nano-scale convex and concave hy-
drophobic structure was formed on the surface of TGP/WEP composite coating,and its static
water contact angle reached 153. 6 °. The coating has the features of low water absorption,
strong adhesion, anti-ultraviolet radiation, large electrochemical impedance and salt water
corrosion resistance. TGP/WEP composite coating can be used as metal anticorrosive coating

with excellent physical and electrochemical anticorrosive effect.

* WrFs B #:2020-12-24
EL£WB ERARBFILET A (21276152) ; BePEA RHE TR 4 Z 005 TR W H (2016 KTCLO1-14)
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K Fe; 0, @Si0, @mSiO, Kl FRIMRIE G X
REFHUT R 5o 5 M A

aTE,. BEaYH.F F.EIWE. B A7
(BePE AL K2 e S50 T 248, BVE i 710021)

B OE. SR RIF AN R A A C R AT R0 AT, S 2k A B A AR R
M) Fe, O, AABETF EMBEATERS BEHHPFE AR THRABER. BETATRA
EEMBAZEE. B RS RTAREAWANL 4@ - ALAE@ % 5L = Atk
(Fe; O, @SiO, @mSiO,) % # 69 42 F , A WA 15 (MB) A AL A 4 nl ks F 49 R W 4 A, i@ it if
S F 24 (TEM) A vt 20 b 838 (FTIR) | % 25 46 3k 30 4 56 #55% iH (VSMD 4 R X4 &
£ 4 (XRD) % #AEF 2, 24t Fe, O, @SiO, @mSiO, %y k¥ F 347 T H 50 Ay 5 45 & &
&P Ak 8 R AE. Fe, O, @SiO, @mSiO, #h kT MB AW %8, & pH 10 A4, T3] % K
B HE A 101.9 mg/g, THAAE A w R G R R Tk F 88%.

@R MR R AR, MB R mEk % 3L

FE 4 Z%ES:0631; TB324 MHEkRERD: A

Microfluidic synthesis of Fe;0,(@Si0,(@mSiO, nanoparticles
used for the removal of organic pollution

GAO Ke-yi, YANG Bai-qin, LEI Lei, WANG Li-xia, YANG Dong”

(College of Chemistry and Chemical Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China)

Abstract: Porous silica nanoparticles, as an excellent adsorbent, has been widely used in the
removal of organic dyes. To facilitate the adsorption and separation in wastewater treatment,
we synthesized novel nanoparticles to combine the advantages of porous silica nanoparticles
with super-paramagnetism of Fe; O, nanoparticles. In this paper,we built a microfluidic de-
vice based on a droplet reaction to efficiently and rapidly synthesize composite nanoparticles
with the structure of Fe; O, @SiO, @mSiO,. Moreover, methylene blue (MB) was explored
as the model to measure the removal efficiency of our homemade composite nanoparticles. By
means of transmission electron microscopy (TEM), Fourier infrared spectroscopy (FTIR),
vibrating sample magnetometer (VSM) , powder X-ray diffraction (XRD), the morphology,

composition, magnetic properties,and surface property of Fe; O, @ SiO, @ mSiO, nanoparti-

x WFS A HE:2021-01-19
EEWB :EHRARBHIESTH (21505089) ; BRI /G5 61 L A4 — 455 H (202101710)
PEH B B AT 25 (1995 —) , 5B W g = IR N, 7R B0+ W 50 A, R 5 O )« O 58 BOR il 4 & TR
BIEE A &Q979—) L TR ERIA L BIZ0EZ 1A B9 05 1] - 4 K A Ak 24 40 BT J5 5 . yangdong @ sust. edu. cn
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cles were characterized. The maximum adsorption capacity of MB reached 101. 9 mg /g in so-

lutions (pH 10),and the adsorption efficiency reached 88% after four times usage.

Key words: microfluidic technology; methylene blue; magnetic porous silicon
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1.3 Fe, 0,@Si0, @mSiO, & 4] &

Fe, O, Ml & &2 % Z a0 0 TAE", SR K
POE AT A . R UL K 2.7 g FeCly » 6H,0
M 7.2 ¢ B CH;COONa % T 100 mL & —fEr,
TR 1 5019 3 52 B A K IR U R B R U S
Wi AT HRCA A B B9 BB A8 AR 200 °C R RO 8
h, #0245 B B @0 0Ok BT, 2 B
KA Uk =K I AR AEAE 4 C B K W
Fe, O, @SiO, @mSiO, KA 1T 43 R W 4 17

95— AT Fe, O, @SiO, B4 8. B 56 B
BIFH Fe, O, 40Kk 50 mg [ 0.1 mol/L HCI
JK VW (50 mLL) i i< HE  Ab BRS L Y50 [ 40 BUFE 20
mL £8 T K P IR 1 mL 2 KAE Ty 3% 22 A7 A
1,4 50 oL 15 TEOS % T 20 mL Jo/K ZBEHEN
LA 2 WA AT AR A B A . LUK 2 A L
1 000 zL/min 932 B 38 5o 7 5 52 1 AR DU IR 2 M
EIE T, Y TE N TS AR A RS S, L 50 L/
min Y38 E A EZE A 1 RS AH 2, T % L A
T X 2 A KA AR AR B R Y D) L 3 B A
VRCAE BT T A0 U0 0 812 50 (0 VR0 & I 388 2 20 AH 1 A
FHAE A4S T8 o9 &) SR 8h 07 - fie J T8 o R A K E AT
BF )45 ) .5 min J5 55738 N O HH S FE BE AR Y
WCSE G5y 25 )5 F S BERIK G Uk 3 IR15 3] Fe, O, @
SiO, 9K K.

55 AT Fey O, @SiO, @ mSiO, 14 L.
# 50 mg 1 Fe, O, @SiO, ¥ T 30 mL £8 7K
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FH WL, 22 A0 1, 2 55 B0 AH it 2 43 ) R 50 pl/
min Al 1 000 pL/min, i i 8 8 45 K, 6 e B B[]
FEH 2 10 min, ¥ RS 3B it 4 38 2 BE AR AR L B
Sy CBE R OK 43 0 T Uk 3 kR B Fe, O, @
Si0, @mSiO, 44K ki 1.

1.4  pH &% R Ff b 48 % we g ) X,
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# E:NiFe K B ## (NiFe-LDH) 2 3F 5% 2 & A A7 B AL 7] 89 R EEAA) . do Tt — F 37
FHZ AR B AR F A — A E KRBk, @ AR #GERH Ga®t N NiFe-LDH R84 & T
Z 4 J& NiFeGa-LDH #44L A, i@ id X HEATHE £ F % 2ot Rast bR afe
FR2HMmEH T Ga' RH W HANT NiFe LDH £ # . &4k 3 B4 HF X A A =4 & NiFeGa-
LDH A RIFMAT A ERAE LR £1.0 MKOHZE&Z Y, YA FEL3H 10 mA + cm ?
B, IZAEA R B R 265 mVL. B ERFEA 70 mV » dec™ . X WFLE A G’ T RHT
Ni% Few FZ g4 EAE AR MmIZI T B F 09 AAEE M. AR REHHE&EHD =4
JB K AR PR T B S b R ek,

XEEE . wiEk; WREE; =48 NiFeGa K % 44

FEDES:0643. 36 MEkFRAERD: A

Preparation of NiFeGa-LDH and its properties of
electrolytic water oxygen evolving

YANG Yang, WANG Wen-jie, GUO Peng-fei, ZHU Bing,
YANG Qian-nan, FENG Wan-xin

(College of Chemistry and Chemical Engineering, Shaanxi University of Science & Technology, Xi'an 710021
China)

Abstract ; NiFe layered double hydroxides (NiFe-ILDH) is a benchmark catalyst among the non-pre-
cious metal-based catalyst toward oxygen evolution reaction. How to further improve the intrinsic
activity of NiFe-LDH is a huge challenge. In this paper,we successfully prepared the NiFeGa-LDH
by hydrothermal method. Ga*" was incorporated into NiFe-LLDH matrix, which was confirmed by X-
ray diffraction, Raman, Fourier transform infrared spectroscopy,and scanning electron microscopy.
Electrochemical measurements demonstrate that trimetallic NiFeGa-LLDH has a highly intrinsic ac-
tivity and long-term stability. The NiFeGa-LLDH required an overpotential of 265 mV at the current
density of 10 mA + cm ? and a low Tafel slope of 70 mV ¢ dec ' in 1. 0 M KOH solution. This may
because Ga®" can promote the electronic interaction between Ni and Fe in trimetallic NiFeGa-LDH.
This work provides a general strategy for designing and synthesizing novel trimetallic-based electro-
catalysts in the future.

Key words: electrocatalysis; oxygen evolution reaction; trimetallic NiFeGa-LDH
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AN Ag@Cu %5 Rl & ke HEgE

REER, K. A B, o, Ann. # &

(BRPERHR 2 B TR 5 TR B TR E R RS HAR A b BV A & 4R H R BORR A 480 T & &
SSEE AR T AR DA R SR S, BRTT PR 71002D)

OB W TARAELTE HRRA ARG IR ARG RN TR, SR AR
@ & 4 R AR A Ag@Cu #2825 4R MR e K LMY i 22— TAIB LA B F A 2
AR A A TR R R B R A ACSE R i, ASE AR (AGNOD 2 48 3
FHAE(CoH O HERA, R THREIRE (PVP) A 244, R AR %S M H & T HEHY
— B EMR BN Ag@Cu M. IR T ARAN LR B AR R B A pH LB
VIR BT S I T R S Y NP S TR B
Pk 2R . % Cus AgNOy CiHOs + AgNO, PVP = AgNO; BRI A A 42 3.8+ 3.2
t 1, L= BA T pH AL 9. 5~10 B, A8 45 43 2] 42 2 400 3 — (100 nm)  § & # A A (3. 8 X
107" Q » co) 9 ARARAL o 25 4. BLAE 81 °C~400 "CIE IR P AR RAT 6 AL AL,

K@ Ag@Cu e iy, B —; LA

thE 4 %5 : TB331; TB383 XERFR SR A

Preparation and characterization of antioxidant Ag(@Cu structure

CHI Cong-cong, ZHANG Meng, XIA Liang, BAI Fei-fei, QU Pan-pan, XU Xin

(College of Bioresources Chemical and Materials Engineering, National Demonstration Center for Experimen-
tal Light Chemistry Engineering Education, Shaanxi Province Key Laboratory of Papermaking Technology and
Specialty Paper, Key Laboratory of Paper Based Functional Materials of China National Light Industry,
Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract : Nano-copper can be easily oxidized in the air. The preparation of Ag@Cu core-shell
structure by covering the surface of copper with silver is one way to improve its anti-oxida-
tion performance, which can broaden its use in electronic pastes, electromagnetic shielding
materials and catalysts. In this study.glucose(Cs; H,, Os) was used as reducing agent, Polyvi-
nylpyrrolidone(PVP) as dispersing agent and different complexing agents were used to re-
duce silver nitrate (AgNQ;), finally the Ag@ Cu core-shell structure with uniform particle
size and good performance was obtained. The effects of nano-copper pretreatment, different
complexing agent,pH,the dosage of silver nitrate and glucose on the structure and perform-
ance of Ag@Cu were studied. When nano-copper was washed three times with 5% dilute sul-

furic acid and deionized water,the molar ratios of Cu,CsH,;; Oy and PVP to AgNO; were 4 :

x W Fs B #:2021-02-16
E£WB EHRAREFILETH (31600476) 5 BEPERME K 2E 4 TR B R K580 2 2E R 1 Hh .03 H (2018QSG01-06)
EZ B AR EREE (1981 —) & IR E B B B8z, A BF ST 1)« g 4 (0 B Rl A0 55 4 B R J5 47 4t R A1 R 5 e 1k
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3,8:3,2: 1,respectively, with pH of 9. 5~10 regulated by ethylenediamine, the Ag@ Cu

structure with relatively uniform particle size of around 100 nm and excellent conductivity of

about 3.8 X 10 * Q -
range of 81 ‘C~400 C.

cm can be obtained, and good thermal stability is maintained in the

Key words: copper-silver core-shell structure; uniform particle size; antioxidant
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EUTTE I P2 %R B 32, 2% , L BH R B k. 568
PR O AN R DO R A R 8 2 R O
Ji R T i e A W VRLE AR &R A R R



503

B U4k Ag@ Cu B2 78 45 149 1Y 1 7 K o g + 85 -

FVEIAVE L B 1k 520 3o B v g K i S50k 1 S 1. 24
J NG5 UG A 58 A AL B 7 R AR PR AR AL, B
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25 T e TG W AR 1k,
R4 CH,O : AgNO; EE/REEXF
Ag@Cu ¥ 8 B9 %2 i

CsHi2O5 + AgNO; £ WL T R RER RS
BEIR EE Bt oAl /% /(1071 Q + cm)
1:2 B R AUiE 32.2 62.7
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2:1 K E AT 81,4 9.6
8:3 HRK TC UL e 90. 2 3.8
3:1 K TCULTE 90. 6 4.1

2.5 Cu: AgNO; BZERLsT 4% %M eh 7

$E AgNO, F il DL & ™= o) i 5 i P R
PR A BE AR 25 38 i AR , 500 78 O UE % 5%
S5 K0P BB Y S At o A B ik 0 i TR R ) . S
B 4k AR . PVP 5 AgNO, B BEIR H 4 N
2:1.2: 1,

XERE R AT XRD FRAF . &5 R A& 4 iR, 24
Cu: AgNO, FE/RH N 5 ¢ 1 I, BES RWE 6l
BTG XRD 3 A 4 T R Y 0 Wi e 9 FE e
K TARITCE Y W e e 5 5, 3R W% L 6] JL-F- A g
PATA AL, B Cut AgNO, M4 : 1 BRIEE
11,4 Cufy111),(200) F1(220) f i 45 AE
Ao JF & AR B AR 4k, Cu 2 AgNO, BEIR LR R 4
3 W), TG JC YRR AR 06 1 B, 2% B UL A A TR
B B 57 4 O T 400 K B UKL , 3E — 25 8 R TR
AR BRI 1 ¢ 1, B TE 0 AR Ak
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FES B9 SEM B8 5 frs. 24 Cu : AgNO;,

FEIR LG 4+ 1, 7= Wt 300 4] 000 452 6% 0 B A7
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&L TOALT BRI S, R E R L &
i Cut AgNO; BE/RIER 1+ 1 B JEACZEAN
S| B AEAE 0 URL , UL 22 (1] 52 2 2 R slRE 4B AURL
G KIORL, B )2 R RV BT
MR & 2.

o Y S Y e

(b)Cut AgNO3=2:1

B5 RREERIKT Ag@Cu# SEM B

Sy i — 20 WAL ST A R 0 BB R X R
7 TEM Fil EDS 430871 Can & 6 frzx). TEM & b i
AR IT R IR AT R T R, WK 6
Ca) ] LUFE HH OTR 285 040 118 N J2 oA O 0 174 A 05 55 4
SMEmEE MR E . HEEZRER Y
A, oL B Ay A s WL 6 (b)) AT LA A
T I AR A A A 7 AR N AR AR R BT 6 (o)
ALY Cu s AgNO, BEJR LR 4 ¢ 3 B, =W &%
39 wt% L BN 61 wi%,.Cu: Ag FE/R I
297 1.078 = 1. 4R G F M4 oo ] g0 B K, H AR
To4 T TC % 2% W AR i 40 3 45 05 5 AR T 3R 40 A A
R4 h 34757, T K T AR 3R B 4, 3% B i 4% 1) 25 4
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DUBLAY T 260 78 7 7 0RE A9 2 1. 24 Cu ¢ AgNO,
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WE 8 pisR. Al LLE L FETHR A IR B B 40 “C~80 C
LN =R T RIS R EH L, v S
A7 I 2 100 AR RO T L 2 i BRI O R I R
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Rl N-(2-RE A E)-3-8K-2-[4-(2,4,6-=
fFROSIEIE-5- L Z & )-KBEHE ]
T ERRR B & B

EHTE MEH L EAR B K R

(1%Eﬂ&k%%%5%T% B VU ik T Bh M B SE G %, BRVY Pi4E 7100215 2. bR 4% R K
2 A 5B TR, Bl 201418)

?ﬁi B A REARXTREACILEHARH LR CEAEH, @ iL Knoevenagel 4 & KA A
S-[A-BRAFRE) T FHRI]-2,4,6 (1H,3H,5H)-#E Z 8 (1), L 24 T RALE B A4 F A
%caﬁaczﬁmwx ) 1F O N-(2-F R E)-3-AAK-2-[4-(2,4,6-Z AR W EER-5- T4 )-
FABR]TEAE(P. Y. X). Al A'H NMR.FT-IR fe . & > A st R M b 47 T R 4E. F R T TR
AWE R AR B & AR R AR RN @ ERE pH SR EKREWHwm, PR LA S F R
B MARBR B n(BRBR) : n(1)=30: 1, EBEAEREMRE A 1.5 h. R BB EH 20 C.pH #
5.0 B R R | AR, PR A 84.3 Y. i UV-Vis, # E 54 (TGA) & SEM 0l £ T A8
R MM B AR R B o ROBUR TS SR AR AR, 45 R A RSN R 6Y AL A 392 nm (1.5 X
107° mol/L &7 5 &), sm,X%J 3.0X10" L *» mol™ ! «+ ecm ™! ~—F"-#V\ﬁlfi§i'x E & T 210 °C, & 254
CHATREXAINRR;BEEAN DMF HBAE 6 h G, TR AABEERNE, RE s S,
TAE A — % é%é‘w&@% Yo s a I 7S 7Hf?»ﬁi&?£ﬂ%‘@7f@.
X1 : Knoevenagel 454 B M ; THiA; B BRI e ; »5ve =8 Ak
RE S ES:0625. 64 XHERARERG: A

Synthesis and properties of pigment N-(2-methoxy-phenyD -
3-0x0-2-[ 4-(2,4 ,6-trioxo-tetrahydro-pyrimidin-5-
ylidenemethyl) -phenylazo |-butyramide

WANG Gao-fei'?, YANG Bai-qin'* , WANG Li-xian’*, MA Xin’, ZHANG Xing-hua®

(1. College of Chemistry and Chemical Engineering, Shaanxi Key Laboratory of Chemical Additives for Indus-
try, Shaanxi University of Science & Technology, Xi'an 710021, China; 2. School of Chemical and Environ-
mental Engineering, Shanghai Institute of Technology, Shanghai 201418, China)

Abstract: Using 4-aminobenzaldehyde and barbituric acid as raw materials,anhydrous ethanol

as solvent through knoevenagel condensation reaction to synthesize 5-[ (4-aminophenyl)

x W FS A HA:2020-12-11
ESWMB ERAHARRF AT H (21302127
EHZ B L €A992—) B Beva B, FE BB - W 58 28 L R 58 O ) - A HL A
BHAEE A E 962, BePE B, 208, W58 7 1] - % 180 3% 1 500 9 1 &5 22 MERE L yangbq@ sust. edu. en
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KA R N-(2- AR A - 3-8 18 -2-[4- (2,4, 6- =8 AR DU A 5 1z -5-F £ 5 - A A T e iy & ik

methylene ]-2,4,6 (1H, 3H, 5H)-pyrimidinetrione (1). After diazotization, coupling with 2-
methoxy-N-acetoacetanilide to produce pigment N-(2-methoxy-phenyl)-3-oxo-2-[4-(2, 4, 6-
trioxo-tetrahydro-pyrimidin-5-ylidene-methyl)-phenylazo -butyramide(P. Y. X). It was con-
firmed by 'H NMR,FT-IR and elemental analysis. The effects of the mineral acid type and
dosage for diazo reaction,the coupling reaction time ,temperature and pH value on the reac-
tion efficiency were investigated. And it was found that when sulfuric acid was selected for
the diazo reaction,and the molar ratio n(sulfuric acid) : n(1) was 30 : 1,the coupling reac-
tion time was 1.5 h ,the temperature was 20 °C and the pH was 5. 5, the yield was 84.3 %.
Light absorption,thermal stability and solid powder morphology of the pigment were deter-
mined. The results showed that the A,,., of UV spectra was 392 nm (1.5>X10"° mol/L chlor-

',and the thermal decomposition temper-

oform solution) ,e,,, was 3. 0X 10" L « mol™' * cm™
ature was higher than 210 ‘C,the weightlessness rate reached the maximum at 254 °C. The
pigment modificationed in DMF has the advantages of regular morphology and bright color

after 6 h. It can be used as an important colorant in ink, paint,rubber and plastic coloring.

e 80 .

Key words: knoevenagel reaction; vinyl; acetoacetanilide; pyrimidinetrione; pigment
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MABUR R —2REZNEOR A A PSR
50 % LA b I A RBURHIZ: B O A i sl 2% 05 e 42
FARAEHEERETS WO MR 2-Z5 W ik
WA R TR | 2 -3 WY R Bl 2 -3 W O A
Joe S A0 A Ao A S S AR R R
SR B SCHOH A 7R X B R 4y
gitgrh 28 E A L aER G MARE (Ar—N=N)
FEE R 2 [CONH (R) ], 7 & i iX 259 it KA B
o, 5 2 AR AT DA IR ) R Uk Y B
SE A A T A LT O T A R A AR A T A
T B B B R 22 | o3 ) SRR R, AR 1 e
B T e HL 2 g v e A R OB K, A I Bl
U TN o SRR 3G, R o g
XA B BT A AR A Tk T AT Y A Uk R it
TR,

0 0K 44 55 O R RN I bE 2 TR 1T Kno-
evenagel 4 & RV A & A U L Z R 45 M IF A
BUR 20 5 0 B /A 4 5-[ (- LR L) 3 H 3 -
2,4,6(1H,3H,5H)-B&IE =8 , H 2848 5 A Ak 5 0
JE S OO mEDT A M RN AR A EE B &
Wt e CAAOA) AT A 52N - il 5 45 31— Fib fif
U SCHR i 38 1) B 20 35 O 7 T AR R R PLY.
X FEH T 450 O M 5 W 3 A A
AR R R TR sh s, H9IA T E L ZR,
o1 N Bt B G Z2 0B AR D 1 o, 000 BT 459 BRE
1 S T 3 55 1 R AR A R

i

1.1 KA LBMNE
.11 EERKH

A R B B R R R TG K 2 E L 24 S BT 4l
B Lb 22 2 L 45 B O L 4B U3 2Tk 2 Tk O
(AAOA) .DMF, ¥ Ky b 24k,
1.1.2 FEULE

JB50-D B34 Jy s S FEML, iR AR RE Y )
DHG-9070A 71 A #Afe I 5 R T 4 4 . L Vg H B e
M%) s AVANCE 11T 500MHz 4% 4 3t 48 4%,
Tt A & 7 8 B 7 52 Nicolet 6700 {8 B it 41 4h %
A, 35 [F Je & J1 4 75 Solaril X70 ESCALAB
250Xi JTCZ M4, 32 B Termo Fisher Scientific
AW UV-360 540 0GR, H A SHIMADZU
CORP; Q5000 IR #4443 H7 A, 38 [ Ik 5 37 2>
F) 3 S-3400N 4 L W G . H 7 A B .
1.2 A P.Y. X 94

HArorF A s i 1 s, Bl s 4
SN SRR 4-50 38 B SE 42 Knoevenagel 466 2
NG A G 1, P A RN A A 2,
e Ji 8 A RN A B H AR BUEN R F P YL X
L.2.1 fk&EW1MEmRY

FREL 6. 73 g (53 mmoD) B L %R T 500 mL
BB A 150 mL JC/K ZBE. FFRHL6. 1 g
(50 mmol) 4-F FEKF I, ¥ F 50 mL Jo/K &
w0 TR IV TR o B b R v 4k SRl i R
MIGE 5 h, G uE DR DFIE T, FEF Jo K & B R 45
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%39 &

i ARARLLEAL A 1 (10,44 @) 77 # 90, 4% ,m.
p. 232 °C~233 C.

PR 45 R 2 AE . H NMR (500 MHz, DMSO-
d6):5 11. 04(s,1H),10. 89 (s,1H),8. 34(d.J=8.9
Hz,2H),8.13 (s.1H) 6. 94(s,2H) 6. 65(d,]=8. 8
Hz,2H) ;IR v:3 418(s),3 201(s),3 063(m),1 726
(m),1 614(m),1 502(s),1 458(s),1 411(m) em™'.
Anal. caled for C;; HiN; O, C57. 14, H3. 92,N18. 17;
found C57.19,H3. 95,N18. 17.

o
CHO '\AL\ Q Q
3 3\
A e {4
[Jog i gm0 Nenoutso, i a
—»
- . N/ N\
) GILOL O,// N\ d N\ }7&}150,
N \ 7
2

F&\\\\\ ////71\1[ 1,

. 7/ \
OCH, meo— Y
'
Q —

A1 BEFH P Y. X e R%EE
L.2.2 &y 2mam

TE 250 mL = H R H. mA 1.0 g (4.3
mmoD L&Y 1,30 mL /K, 130 mmol &R . 7845
PP o A 58 VR S5 N E 65 C L, 4k Zedii bf 2
h. R HZE 0 °C~5 C. i FTMA 10 mL 0.1 g/
mL i NaNO, /KW, N 1 h, 1345 # 605 B &
A
1.2.3 BB P.Y. X K&

£ 100 mL B PINA 1.04 g (5 mmol) 4P H
HEZBE LB L, 30 mL 7K,0.6 g (15 mmol)
NaOH , AR P17 78 50 15 A Je Do vk, v 20 &
25 C P HIBERR AT pH 2 5. 5. il & 41
Oy CHRRD . FE 15~20 min PR E 3R ) 4% 19 T &
AR VA WO BB A 4L 5 SO L g e JE AR
AN 2 94 pH & 5.5,20 °C F4kZed+E 1.5 h,
HRE B K VE AL 1.7 g

KL= S 2 BT R 4% SCHK 13 )3 1 19 46
AMNEE S EAE 2 P, A 50 mL ZBET M
H A B 40 min, NG5G WES B E 2
rRORCH A5 B B Uk A 1. 63 g, 7 84,304,
JoT £ 43 =98 6.

PR 45 ) & AE ' H NMR (500 MHz, DMSO-
d6):614. 30(s,1H) ,11. 61(s,1H),9. 95(s,1H),8. 38
(d,J=9.1Hz, 1H),7. 97(d,J=8. 6 Hz.2H),7.73
(d,J=8.6 Hz,2H),7. 17-7. 11 (m, 2H), 6. 99 (t,
1H),3. 94 (ss3H), 3. 38 (s, 3H); IR v: 1 698 (m),
1610(m),1 512(s),1 459(m),1 433(m),752(m)

cm ', Anal. caled for C,, His N Oy C58. 80, H4. 26,
N15. 58;found C58. 65,H4. 29,N15. 43.

V-SSR 5 2452 T 985 3L T KPS 4 5 4 AR IR

Hei i

B2 REHFREE

1.2.4 R

PLER IR BRIER S LB 1 R B JEE R VR B L
XIS T Pl A A ER T WOIRAS 75 2R 1 H 4 %
A SN R A 5 DR BE A A B L B[R] L A R
Ik BE K pH 25 5% G A B WCR Y 5 1)
1.2.5 Bk P.Y. X PEBEDL

FH UV-360 25 4b 53 0 06 B 3, DL o i
FILECE 1.5 X 10° mol/L BB & W, XF H k47
UV-Vis .

K H Q5000 TR AUHAH 43 1A, FHE #2410
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KA @NC/MnO,) 4 8 XRD,XPS,SEM ¢ #1489 40 s BT 08647 T 247, ST e T d A
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Preparation of Ni-foam(@ Nitrogen doped carbon/MnOQ, integrated
electrode and its application in direct methanol fuel cell

FANG Yuan, ZHANG Yu-hang, ZHANG Ting-ting, FAN Shi-min, ZHU Jian-feng

(School of Material Science and Engineering. Shaanxi Key Laboratory of Green Preparation and Functionaliza-

tion for Inorganic Materials, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract ; Ni-foam @ Nitrogen doped carbon/MnQ, (Ni-foam @ NC/MnQ, ) integrated elec-
trode was synthesized by hydrothermal method and precipitation method, respectively. The
phase structure and micro morphology of the composite materials were analyzed by XRD,
XPS and SEM. In this work, the direct methanol fuel cell (DMFC) was assembled by Ni-
foam@NC/MnQ, as cathode,PtRu/C as the anode catalyst,and polymer fiber membrane as
the electrolyte membrane. The integrated electrodes synthesized by the two methods showed
relatively closed discharge performances at room temperature. The DMFCs could discharge

2

stably for 18 hours at a current density of 10 mA « cm ™ ° without significant attenuation.
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However,in the 60 C tests,the maximum power density of the foamed Ni-foam@NC/MnO,

integrated electrode synthesized by hydrothermal method was 16. 67 mW « cm™

2, while the

maximum power density of the electrode synthesized by precipitation method was 9. 14 mW

« cm %, This is because the decrease of oxygen concentration in hydrothermal synthesis pro-

moted the presence of more oxygen vacancies,and accelerated the oxygen adsorption and e-

lectron transfer.

Key words: direct methanol fuel cell; oxygen reduction reaction; integrated electrode;
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Dy*" ,Eu*" #£35 NaGd (WO, ), KIEHRI & 5
M RE BEERE J-0 B o h

et A&, X B, XA, T EH, k&, EOEY, R b’

(1. BETORI K2 MR R 22 5 TR 220, PEVE TU4%E  710021; 2. PEPORLH K2 T EE 5 A T8 Re2 b,
Bevh PE4E 710021; 3. BEPERME K2 B 546 TRE~6E, P % 71002D)

i E.RAGREMERINET — 27 L LBEMLF G NaGd(WO,), : Dy*" F= NaGd
(WO, : Dy ,Eu'" sty ,i@id X FHEATH 2 d FEREF R ELESHET OGS4,
T KA A A i S A AU BEAT T AT 5. R AE 25 R KU BT 4 A e 09 AR 25 ) w9 O Al 4
#,141/a (88) = A B, Dy*" B F #9452 E A 7 mol % Bt . NaGd(WO,), (NGW) B A & 4 %
SPEBCR R, A 454 nm A FL.NGW : 0.07Dy* " ,0. 09Eu®" % &4 & 617 nm & Eu®’
B KE L RRZ, L DY BFA Eu' BF AR EEEIE Y B4R v AL 4E AR
ZAR. R EZEE DY BFREC BTHANASE.EAAALETRAMLELE ) 2
AEXRETIAR TSGR LED S48 P,

XHIF :NaGd(WO,),; A MAE; fhEiE; -0 b

FESES:0482. 31 XEFRERD: A

Luminescence, energy transfer and J-O analysis of Dy** ,Eu’*
Co-doped NaGd(WOQ,), phosphor

YE Sen', LIU Yun** , LIU Wen-long®, LIU Ding-han?,
ZHU Yi*, WANG Rong’, ZHANG Jin’

(1. School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. College of Electronic Information and Artificial Intelligence, Shaanxi University of Science & Tech-
nology. Xi'an 710021, China; 3. School of Electrical and Control Engineering, Shaanxi University of Science
&. Technology, Xi'an 710021, China)

Abstract: A series of NaGd(WO,), :Dy*" and NaGd(WO,),:Dy’" ,Eu*" phosphors with ex-
cellent illumination performance were successfully synthesized by a high temperature solid-
state reaction in air atmosphere. The crystal structure, morphology,luminescent properties
and energy transfer mechanism of the samples were discussed by XRD,SEM and fluorescence
spectroscopy. The analysis showed that the synthesized samples were tetragonal structure
with 141/a(88) space group. Upon UV excitation, the optimal Dy** doping concentration of
NaGd(WO,), (NGW) is 7 mol%. Under the excitation of 454 nm,the NGW : 0. 07Dy’ ",
0. 09Eu’" phosphor emitted the strongest °D,—>"F, electric dipole transition of Eu*" at 617

nm and the energy transfer mechanism between Dy*" and Eu’" ions in the Co-doped NGW

x W FS A #A:2021-02-25
ESWMB ERAHARRF AT H(51272148)
EZ® N0 FRA996—) B BePEPE L A FE B -0 58 2k L AR SE O ) - R OGS R Ak
BIWAEE X 321963 ), 5 BV &P N L 082 B 5T 05 1) JCHLAE & 08 MR, liuyun@sust. edu. cn
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phosphor was quadrupole-quadrupole interaction. Meanwhile, multicolor emissions could be

easily obtained by modulating the relative content of Dy’ and Eu®" in NGW samples,which

makes them more widely apply in the fields of photochromic tunable display equipment and

white LED.

Key words: NaGd(WQ,);; luminescence; energy transfer; J-O theory
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O OE.RARABEMERNE VLAIC MEHRIK,FFRT VLAIC 894 H# I d Bk A b B ik
B PR AR A A BAERILTHER L4 V,AIC,SEM £ 2 271 A4 MAX 483 A 49
BAREM. V,AIC B AR R S FHRER N AL FHFALHLE V,AIC A F3 X
m¥ K. % V,AIC RE %A 65 wt%  BE 2.4 mm B ,RC £ % 9.4 GHz & & 5| F MA
—55dB, &£ X K EAZKEKFEH 3.0 GHz. #t—F 3% K V,AIC FE» 43 80 wt%,SE~
K3 27.4 dB, ¥ SE, A 3.2 dB ¥ %] 19. 1 dB.d SEx XM 6.1 dB ¥ 3] 8. 3 dB, & 7%
B e HL) AR £

KEI:V,AIC; A-d & ROk A A

FESES TB34 XHEFRERD: A

Preparation and electromagnetic absorption properties of V,AlC

QI Jun, KONG Luo*, LUO Si-han, ZHANG Shu-yu, XU Zhan-wei, HUANG Jian-feng

(School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China)

Abstract: V, AIC ceramic powders were synthesized by solid state method. The structure, die-
lectric, electromagnetic wave absorption and shielding performance of V, AlC ceramics were
systematically investigated. The results showed that the pure V, AlC ceramic powders can be
obtained by controlling the molar ratio of raw materials. The SEM results revealed that it has
the typical layered structure. Dielectric measurements exhibited strong polarization and con-
ductivity loss capability for the V, AlC ceramic. The dielectric constant and dielectric loss in-
creases with the increase of V,AlC content. When the V,AlC content is 65 wt% and the
thickness of the absorber is 2. 4 mm.,the minimum value of the reflection coefficient and the
corresponding frequency are —55 dB and 9.4 GHz,respectively,and the effective absorption
bandwidth reaches 3.0 GHz in X-band. When the content of V,AlC increases to 80 wt% ,the
SE; reaches 27. 4 dB,the SE, increases from 3.2 to 19. 1 dB,and SEy increases from 6.1 to
8.3 dB. V,AlIC shows a weak SEy and strong SE, ,and the absorption is the primary mecha-
nism of EMI shielding.

Key words: V, AlC; dielectric ceramics; electromagnetic wave absorption material
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(Ti,V);AIC, BA k3 S8 B S e T 5%

7 4, /'%?';19 5‘(']']‘41&’ '7"}'2 /%9 #N}ié%
(BRVERMEE K2 SRRl 225 TR 22 B Bevi & MM R il & S REML B S0 %, BV P9 710021)

# E.L TIC.Ti.AlF= V A RA £ 1350 CFRAZMIERLEH & T (Tiy; Ve ) AIC, BE
WLAFR T (Tip s Vo) AlC, BIIEARMN TR ZE 800 Cﬁ‘]é;}f;{ PR, R AN E F EME
ZRESH T RERE T BEAR A @O BT HAAFER. R EW . (Tis Vo) AlC,
EARAEF IR 200 C & 800 C T 89 B3 A 44 Ti,AlC, ¥ A B & Bk, £ £ & 200 CHF,
(Tio.s Vo) 5 AlC, B IRAALR] VA B4 B A £ A 400 °C A= 600 °C o, BEARALH 2K I A4 B M
ZTH. BT 800 C T RACH IR BLAY £ R AL (Tio s Vo), AlC, BEAK LA K F 4952 A HE
WA, B A HAKE 0.35,.48 Ti, AlC, BAK T 47.76%.

X8I T, AIC,; BliE; ik AEME; BHMALA

FE %S TB34;TB332 MERARARRD: A

Study on tribological properties of (Ti.V),;AlC, solid solution
in wide temperature range

FANG Yuan, FENG Yu-xia, LIU Xiao-hua, LI Chen, ZHU Jian-feng

(School of Materials Science and Engineering, Shaanxi Key Laboratory of Green Preparation and Functional-

ization for Inorganic Materials, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: (Ti, s V, )5 AlC, solid solutions were successfully synthesized at 1 350 “C by in situ
hot-pressing method using Ti,Al, TiC,and V as raw materials. The friction and wear proper-
ties of the solid solutions were investigated from room temperature to 800 °C ,the morpholo-
gies and chemical composition of the (Tiy 4V, )5 AlC; worn surface at different temperatures
were analyzed by scanning electron microscope and Raman spectrometer. The results show
that the friction coefficient of (Ti, ¢V, ,);AlC; solid solution is significantly lower than that
of Ti; AlC, at room temperature,200 ‘C and 800 ‘C. As the temperature increases,the friction
coefficient of (Ti, sV, 1);AlC, first increases and then decreases. At 25 ‘C and 200 °C ,abra-
sive wear is the main wear mechanism. At 400 °C and 600 °C , wear mechanisms were domina-
ted by plastic deformation. At 800 °C, the formation of oxide film with lubricating effect
makes (Tiy ¢V, )3 AlC, solid solution has excellent self-lubricating performance at high tem-
perature,and the friction coefficient of (Tiy s Vo, )3 AIC, solid solution is as low as 0. 35,
which is 47. 76 % lower than that of Ti; AlC,.

Key words: Ti; AlIC; ; solid solution; wide temperature range; self-lubricating; wear mecha-

nism
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TAE Gk ALY B & bR A2 58 MAX A8 4 8} 5
JEE T R BE A Sy 2E M RE AR, 55— T . P T LR 4
I R TR AL S A R i, R 5 R B A
X e

WF5E & B 78 Tis AIC, W Ti 78 Al {7 #E47 70
Z B (TiL, XD, ALC, 5% Ti, (AL X) C, [H 7
A, RE 0% BUAS R 45 1Y) 1 o A6 RN R AL g SR e
Ll 2 A i o R A T be A L & T Al
Tis Al Si, C, [E¥ 4, K B H 47 5 B R0 4 1% A
FERIRE 5 St R 0BG 22 MR L o,
Tiy Al 5 Sio. o Co FYRE B AR 47 58 J& 88 Ti, AIC, 4
R 30. 6% A1 10. 4%. Huang 5 WF 58 & #EL .
Tiy AIC, FEEICE Sn W51 AL AT 521 Ti, Al
(Sn) C, [# ¥ R Bt 2 5 B 48 4 Ti, ALC, 42 &
67%. [ B, AR Sn (1) [ ¥ fff 15 b4 A 2 48 R FORn
JE PRI A R B AT RE PR R A R LA 5O AR
VR U MR BE. 3 T L A AT 15 AR 7 2 TR A
% 75 52 B MAX AR 9 58 4k L 83 16 A% 5] e, 38 sk [
T FE BT B 4E L 6 IR T RE 08 AR i 2L AT 1K
sY A M E T RE N EE TR A EKR
Wl JE 2 v B Ak 1 v IR VI P R L A A S
o IR T T RE Y S —.

AW VRN [ T R R R A A
ez il % (Ti. V), AIC, [ R #1843 50 F 5% [
VAR BPRHE 2R 2 800 °C /N [] 6L R B B8 482 2= 1k
RE o I 30 2 20 BT A [R) I R T S B 2% 1 PO A5 X
AH AR VEAS [6] 3R B2 T B8 488 1B 0% 2 mig ok B S 451 L
i

i

1 XEEH

1.1 H&HE
PR Ti (P ZE ARG AWRAA,

99%) . Al CH 25 4 A b 24 3K ) A BR A A, 4l B
99 %) TICCE ¥ D oz FH A RE AR A BR A w46
JE99. 9%0) iV C i LN A R R AR A
AL AR 99. 9 %0) M R O JEURE, i i LS B bR 4
il £ R 4 Tiy AIC, PN (Tio s V)5 AIC, %R
Pepk , BRI 3k 1 k.

&1 Ti-AIFTIC-V ERZ &K Ti; AIC, F§&E T

(Tio.s Vo.s )5 AIC, BEBHE TR (HEAL:wt)

FE S Ti Al TiC \%
Tis AlC, 34.16  23.10 42.74 0
(Tio.s Vo.1) 3 AlC, 6.71  22.71 42.00  28.58

HRAE 2 1 (Y TC 5 24 1, B it [ 48 okt P B
BRERATAE R BIF B 1A, TE K 2 BEAE R BIF S A B, A
AAL B EREEFE T LA 300 r/min AU EREE 2 h, 15
FNRA SR HOR. Horb R BRN 2 BERY BT i L
1+ 3 1 ARG BN RRHICT 60 °C A HLRE T4
8~12 h. FHJE Ry RhE 80 HARE I, #H IR Ak A%
AATSBER AT R e 4. BRa i b s R
10" Pa, Be&5IREH 1 350 °C L £ 1k 28 MPa, {3 I i}
[ 2 h.

1.2 B4 B4R AL 5K

B4k Je 1R TS [R)RE BE 19 00 4038 G0 4T S, P-4
JEAb B, H RS B IR B 2R 0. 02 pm, e & HE
R SFZ5 5 @30 mm X4 mm.

JEE 48 P 5 3 50 SR FH T 9 Bl BE 82 3 . 7 HT-1000
R it 1k =X MR B A B PR I L 2 N TR R LA
BT RAB R D E#EfT. SR @6. 00 mm Al Oy
Wi e Bk AE S 6 (8 b Rk 3 56 B 43 Sk I = TR
(RT).200 °C 400 “C.600 °C.800 °C ,fF FE ML 25 T
ZIUE R I AR E 0 B S TT UG R AT e R A
HAN 0.2 m/s, iEMEAT R 500 g(Zy 4.9 N) A5
B 40 min, A AT HEBR LR ES 2~3
UK EE 8 BB . (T s Vo )5 AIC, HY 8 45 K
PR AR DI
_ 2nR,S

N.V.T

(D W R B B 58 R, BB 12
VAR s T, W gh i 8] 5 N it Jn 2 e 5 S 2 i %6
2 7E DSX510 J62# 5005 B i 45 I 9 DSX-BSW if
SEHLRE Py DN 2 %) S O ) A e AR, e, B A iR
F14) P8 IR A8 A T B A 5 S TR B R 7 I o 4 9K
PUJG SR AT 1Y -F- S (8. Je 0 it 14 B 460 23 Oy [) b 2 A
TR B R T M.

W, (@)
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1.3 Mo s xie

K H A 3 22 bk X 2 4 D/max2200Pe 8 X
BHE AT B A (X-ray diffraction, XRD) X #f & i 47
YRS E R IS H00r B, R T 6 7/ min MY ELEH
A CRPETEE R 0. 02 ° WA KA 40 mA -
40 kv LA L FH 9 BHAR FE RN Cu 8, 38U R A
BHALE. ARSER 3L E FEI Verios 460 &l 4
ey & SR BB FEL Q45+ VEGA [T XMU #Y
T W RO AT AR %) BT TR S5 0 A B S
5 5 M. FH B & 19 BE 1% 1L (Energy dispersive
spectroscopy » EDS) 43 #7 12{ #£ 19 1 X A% 43, I 4b
Ti; AlC, FI(Tio.s Vo403 ALC, FE i BE 8 3% 0 19 21 4
il i Renishaw-invia %I & {0 3 A2 30O H7 2Ok % {2
(Raman) #4740 A1, Fo, B 8 3~10 kV, B
WA 10 pALHOEE R BEH] 532 nm.

2 RIS

2.1 ARG M A N LE A 5T

B 1 Hab i BoR T HOIR Ti ALC, By
B (Tios Vo )s AIC, [H ¥ PR FE & i B 5 XRD
K. AT LUE B il 4 A 00 1) XRD BHE 5451~
- (JCPDS 52-0875) — 3%, 3& W] i & 4 s e 45 fr
il £ B9 Ti, AIC, B HI(Tiy s Vo) AlC, FEEEIL
PR S B L O T e 4% A A2 . TR B (T
Vo5 AlC, FEIAEMRTE (104) (103) (105) & 1 7 18] 1)
frfhvg i s MR kA T B ARE . X EEEHRT V
TR T2 0 1,35 AL Ti BTy 5 T2k
B 1.45 A LV EEMETREANT TiE T
JRFm Wik ViR B4 58 T, AIC, 19§
6 BB ¢ AR /INTI AR AT S e A RS

- Ti,ALG =
:E &
&
ko
2
@
=1
2
5
(_aj y .| | N M v W
[ 1 T O 1
. . . ) ) JCPDS 52-0875 L
10 20 30 40 50 60 70 8036 38 40 42

2-Theta/(°)
B 1 Ti,AlC, &= (Tiy s V,.),AlC,
Bz 4k 9 XRD B
K 2 A Tis AIC, BE%HI(Ti, s Vo )5 AIC, K
[ SR8 11 i) SEM B A1 EDS [, /I8 2 BT, 35 i ke
FHE AR F I MAX A e e 15 10 2 IR 254 L B
IR 2 IR RH I 28 B AN 4 80, U BH T o) 4
AR BSO8R . JORL 1 2 2 0 n T rh T Sk T . A

B2 Cd) Al LLE W, (Tis Vo, ) AIC, [E E 1K
Ti: V=34.21: 24. 31,350 F 3 : 2. 454K 1 XRD il
TR HT A BT LUF W AR 52 00 s i 2 T AR Al
(T Vo, )5 AIC, IR,
a B

() Ti; AIC, Wimi iy SEM &

b Map specturm
Ti Element Atomic%

Ti 75.83
= Al 14.85

C 9.33

Total 100

Ti
Al Ti

Ti Map specturm
Element Atomic%
Al Ti 34.21
\ 24.31
Al 26.09
C 15.40
Total 100

Energy/KeV

() (Tio.s Vo, )5 AIC, Wi B EDS [l
B 2 TiAIC, #2(Tiy sV, ) AlC, Bi @
# SEM B 4= EDS B



. 118 - Ro#BHBRLESH

2.2 (Tigs Vo) AlC, ERFBE T 6 BIFAITH

& 3 N (Tio.s Vo.u )5 AIC, TEAS [A] R BE T fh )28 42
FER S () A5 Ak i 28, 7T LLE I IR AR T 400 °C
B, JBE 45 72 5 Bl UL 3 T v T KL AE = R 200 °C
IF L BE4E R BB 0. 51 1 0. 5835 7F 400 °C i JBE 2
RBURK 2R 0. 76, HIE S A IZL;600 CH, B
P8 72 BEONE AR AR 5 B O i — 2B T & 800 °C L R4
RED ERRALE 0. 35 2247, H M5 T8, i 3h
AR

Steady stage

_ . I_ZSSZS IZéSSZE
0 10 20 30 40
Sliding time/min

B3 (Tis Vo) AlC, £RF B E
T 0 B A S BT ) ALl

Bl 4 Ca). (b) 40 5 A T, AIG, B % A1 (T,
Vo) AlC, R ATEAS[R) IR BE T 01 347 B 462 3 501 5
PR, AT L BR 600 CHR, (Tig s Vo )5 AIC, 1 HARTE
JETF Y BE 4 R BOIME T Th, ALG,. 78 == R 1200 °C i,
(Tips Vo )5 AlC, AYEEHE REUK Ti, AIC, 43 3 AR T
36. 25% M1 12.12%. 1E 400 “C F1 600 °C Hf, (Tigs
Vo5 Al 5 Tis AIC, BEEEREH2ZE AR, S IRE T+
£ 800 “CHY, BE 48 R FGIH FEAIT, 2970, 35, 8 Ti, AlG,
FEAR T 47, 76 %6, IR BEARTF 400 °C B, (Tios Vo )5 AlG,
Y BEUR A AR A 4614 F T, AIC, ¥4 FrRRAR . H
R B TR T8/, 600 °C I (Ti,s Vo, )5 AIC, 1
JEBUR /N, 49, 68 mm < 107/ Nm. 800 °C i 5451 3%
B, K 4,68 mm X 10" /Nm.

1.0

a BN Ti,A1G
- (TipVoy 95AIG

RT 200 400 600 800
Temperature/°C
(a) Tiz AlC; P& FI(Tio s Vo.4) 3 AlC, FIEMAALE
S T i B A R 4 AR

%39 &
10°L P BN 1,416,
e - (Tip eV oy 3A1G
B 10°
z
§ 10"
g
(o)
=107
©
L
z
10°

RT 200 400 600 800
Temperature/°C

(b) Tis AIC, P F(Tio. 6 Vo. 1) 3 AlCy [EEAK AL
R R HE 9 B 4
A4 Ti,AIC, MEF(Tiy sV, ): AlC, Bk
5 AL O, Bg) B 69 B3 & Hofe B4R &

2.3 BREBEYHERS S

5 2 (Tio.s Vo, )5 AIC, TEAN R EE T JE 54 T
FIBS T 5, 3¢ 2 S AN [a] IR BT 5 B 2% 1 1) fb 2 241
A%, FT LR H L ZEZE IR AN 200 CHE, (Tiy s Vo5 AIC, BE
R MME & — 2 Hhs 0 BRI 2 BE48 )2 1 7 LR
A R ORE R T BT AL 5 [R5 4 Aok A v
) B A 7 (0 BIF S T B P A e 4 1R B T AT AR TR
AhEHFE 2 W (T s Vo )5 ALC, BEREF I 44k 2% 21 43 1]
HILE RT R (Tios Vo) AIC, B BE 22 i 19 1 24 4k 2%
éﬂﬁﬂ‘j[’rlﬂ 41 V19. 04 A124. 90 OG. 58 Cl7. 47 :| ’ TIE 200 OC Hj‘ ’ Jﬂ%ﬁ
ﬁf%‘%ﬁ Egipig{’tiéﬂﬁy‘j [TiZG.SS VZO.31 A124.45 013.07
Cis.ss | PIFB O I Ak 2% 21 43 AH 25 R K L JEE 488 36 T 1) 46
i AR A O A AR, X R B RT A1 200 °C H,
(T, 5 Vo) 5 AIC, FEEEHE R B rh JLF- 0 R 452 4 Ak S i
AR CYIR AR T 200 °C A 3 A5 AL B A B R
P 5 L 30 3 T A 224 R A R

TE 400 “C O, BE 48 IR 2 B B I 0% 98 A JE
RUVHTE A, FLEE 1 S B k2 AL 4y in 36 2 TR
[TiIQ.SS V17‘ 27 A118.48 039.67 C1. 74 ] ’ m‘ [/‘J\ % H:ll /ﬁé\% Eﬁ
BRI (Tio s Vo), AlIC, TEIZ IR E T & E
T A AL R (A IR E R (T
Vo5 AlC, 1 B B R RS T B A, 31X 7] BB 2 i TR 48
AAL R NS B R AR B T & A Ti-V-ALO By
TR R, 3 )2 LA 9 P B 488 AT LA Rl S
Al O, XHEER 1 AF 1 L 5 2 BT S 1 .

TE 600 °C B, BE 48 3% 1 7 26 5 14 22 1) 50 (1) JEE 4%
Hﬁ 7ﬁ'f’t%gﬂﬁy‘j I:le 69 V13. 58 A117.63 048. 72 C0.38 :| 2
Al DLE YRR 3 1 0 SR o e it — 2 T

TE 800 “CF L, an&l 5G) s, BB IR 1 4 H B T 4
KRRIE SBT3 4% 3% 1T RE 2 B T (Thos Vo5 ALG,
FEPE T R v AR B BE A ) e A T i, S BOHOR
4571755 B9 U] J7 B 8 43 7 0 1 B A AR v Rk B
HREE PR R T L AV EN Y B o It 25 VS A P BB [ S R 31
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5 BB RRIE S g R

INE 5GY AT LA 3], -2 157 5] i JEE 48 R o A B8
%%E 7;H\:'f’tiéﬂé}ﬂ‘7 [Tle 82 V17. 07 AJM.M Oﬁl. 54 CO 14 ]
RIS R E T A e R E T A, 52T
7 4) IS 4 % T L 34 T R R . IR A, T, VL AL
SRR AR A A B A, Ti R WA AR
SRS L AL TTER AT B W AR AR, TV T R 1Y
AFGT 25 2 UG T3 0 X U BH 7E 800 “CHsF, Ti Al Al 4%,
A ) R B L BE R T TR 25 5 R L V R,
AL R VLY TR A A AR R 3 R b A 55 D)
SR ARG, DA T 22 B A1 U BE P L fEL el 800 C A SR8
ENZ A [ AR T R T RE R BT 2 X RT BE R
T AN Ak 2R B R AR VT o ik e A9 81 2= L st
AR B ph 8 1 1 e 1 B AR A5 R R T B LAk,
M ESCHE 3 AT Y EE R S HEAT B 30 min S5 EE
FBE T T 3R % B BT AR S R SRR
JEL BT R 5 | R S 2R ) WS B o PRIk
(Tio.s Vo, )5 AlC, £ 800 °C B} il B S5 LI 3= B2y 98 1
AT RS EE AL .

a

i i ‘500 05 200
(&) (d) (Tig.s Vo 4)3AlC, 7E 200 C T Y KEIE S
e | o \ " 3 ‘| p-

- AT &
(D). (§) (Tio.6 Vo135 AlC, 7£ 800 CF By BEIE 5t
B5 KAT (T Vo), AlC, BEAKE
RERET 6 B R

R2 AEBET (Ti Vo) AIC, BlEKEB

FEMUKZES
i Ak 2 4y
RT Tisr. 11 V1o, 01 Al2s. 00 Og. 58 Crz a7
200 °C Tizs. 83 Vao. 31 Alos. 15 013,07 Cis. 33
400 °C Tirg.83 Vir. 27 Alig. 48 O39.67Co 74
600 C Tirg.69 Viz. 58 Ali7.63 Oug. 72 Co. 38
800 °C Tis.s2 V17,07 Alia 14 O61.50 Co. 14

AT ST (Tio. s Vo) s AIC, TEAS AR
TR EE R R P & A WAk 2 N, it Raman X
(Tios Vo), AlC, BEHER M AT T 20 #r . 45 R an [
6 AF7~. Ti, ALC, P % i B 4 AF N 197 em !,
270 ecm ' LA K 620 ~655 cm "M WAL AE RT &
400 CHE, (Tig s Vo i )5 AIC, JEE #2321 A= BB 9 Il
MERK, Hrph = Z |\ A 200 °C, Ti JLEM V T
R IR L] HAb A & PR AR AE , EE AR
(Tio.s Vo )5 AlC,. X F M7 RT 1 200 C B, JBE 42
F LT A & A R 2 AL SR 400 °C B, H gL
RN KANMT 787 em ' Ab IES 5 F % R
T (Tio.s Vo )5 AIC, BEER M H I T &1 VO
TE 600 “CH}, 7T 283 em 1,305 cm ™ ' ,405 em ™ !,
485 cm ', 527 em 'l 703 em ' Ab T B T
V, O ifE 787 em 1,912 cm 1,934 cm ' H
1031 em "AEAYIEIT)E T VO, BB 141 em !
795 em™ ALY IA JE T BRI TiO, ™ PR,
TE 600 °C A, BEREFR I £ 2 A T = Y V., 05, VO
PIRBLER BT TiO,. 4 & B 7 & 2 800 °C ), fi7 T
141 em 1,234 em ',444 em A 609 em AR BT
JEF&404 TO, ™. A P2 IS FE 994 cm ' Ab
MT —ARBimF e, EEFE T MK
V, O, 18202 ¥ 141 em™',234 em ', 444 cm ' T 609
em ' AbRYIE T )E T4 404 TiO, ™ L 85 A Rk 4 A Al
1, 7E 800 CHt, (T, Vi1 )5 AlG, R SR E A A
TEE V.0, &4 4 TiO, MBLERH™ Ti0,. tLAh, fi
SRR T AL O, MAFTE. 454G EDS n] Al 7E
B RETEA Al TR LA, KL, AL O, 7]
RELAAE MRS AL O, TEaUffrE ™,

M e Rutile 110, 0 V,0;

v Anatase TiO, ¢ VO
© THAIC,

= 9905 60 600°C

400°C

RT

200 400 600 800 1000 1200
Raman shift/cm”

A6 RFEET(Ti; Vo) AlC,
il 3 R LRSS
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ReHAALESB

%39 &

2.4 RRERET#ERIE

LA Ear A ol A, A RT A 200 °C B, (T
Vo )3 ALC, B THatERVE ™4 R g BB TE S
Al Oy iR ER 1) X6 B ik 7 v JE 1A X 5 A8 14 B 42
I, 3 T A BL T g R B 61

TE 400 ‘CHF, (Tig s Vo105 AIC, JEE 18 2 1w I 4h
B AL RN, BE T R AL E A A (T,
Vo) AlC, F1 VO, AR5 K 4 7] 1,400 “CHf (Tig s
Vo103 AlC, M) B 388 R B oA RT A1 200 °C Ak BH
IR, (E S R A A s, HOZ R E R (T,
Vo ) AlC, B Ti, AIC, FEIXT 70. 28%. iX
AT LA LAY VO, B SRS BE 4R L i VB L HL AT
B HLA — 5 Tl s A .

£ 600 CH, hi 26 Ti, AIC, BYUESE 4 1H
e X FE AT A9 (Tio s Vo )5 ALC, FEHE R & 4
T A R Ak A RN L AR T BLER T AR TIO, |
VO LKA ER V,0, . X J2 1] A B8 5% .
AT DL 3 R 4B AS Bt 4 52 S 4 DR O s it o B
AR EE, AR A V. O, TEEEE S
YEF N 320 8 A i, (8 e B A i v VR A B, T
1M 4 R HOMK TH A

TE 800 “CHF, (Tiy s Vo i )5 AIC, JBE 8 3 1 4= i
TREK V,0,, H3 45 V,0, A NBE V,0;.
[ s, B4 B ek A TiO, $5 748 R 440 A & TiO,.
BT mA V.0 MIEIRETE 670 °C & 685 CZ
B R 800 C A V,05 &k A Ak 7e Y
AR 1 L A R BT Y B R R RO B
fiK. B8R VL O, BT RS fb 25 7 A V4R T i 3k
IF o A 2 1 R PR 488 5k R AR A I 1) 3 P R 5 B
PR R R, AL Oy L4 240 40 TiO, 8k
TiO, AAAATERA V.05 FFE (Tiys Vo )5 AIC,
JEE 45 3% TR AILAR RS 1k A I o DL T A5 G s 458 1 A9 T
Tt

3 #ig

ASCETIRIE T (Tios Vo ), AlC, 5 ALO, L
R B FEAS [R) IR B T A BE 44 A7 Sy S TR V TR X
Tiy AlC, FEHE -1 BE 19 52 0, IF X (Tio s Vo, )3 AlC,
FEAS R L T ) B S BB AT T 4 #T

S Tiy AlC, 1 75 » (Tho s Vo )5 AIC, 7 28 T 1l
800 ‘C N FE {8 R B B F AL ARE T, (Ti,
Vo )5 AIC, B8 53 HIL il 3 2 3¢ B0y JB5 R B8 451, 7 400
CH1 600 CHE, (T s Vo, )5 ALC, JEE 48 3% [ £ 7 T J35
R JEE 488 5, R B I 4 A SR P AR 9B 800 C R, FR T
AR 1H KA BE AL RN, AR R VL O M4 4
AL TIO,  HH1 . VL, O B8 10 78 24 380 1A i ¥ 50 L A K
RRAIR T B 48 R B, JBE 4 R BHE T, AIC, BRAR T 47.
76 %.
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FEHRFO W H I T-2,4,6 (1H, 3H, 5H)-W5 Bg = i,
FERL TR T T Ak BN R A8 A 4 AU 2k 2 TR
Jig o A BT — P AR R A B R PR OR
ik 84. 3%, i B=98 U0 5 1 FH A R b Rk
NER IG I T AL W 1 B A L E VA A DL
B BN AE KV W AT S SR A5 3 A X 3 AR
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Research progress of ternary oxide lubricating materials

GAO Dong-giang, CAO Wang-bo

(College of Mechanical and Electrical Engineering, Shaanxi University of Science & Technology, Xi’ an
710021, China)

Abstract: With the rapid development of high-tech industries such as aerospace, nuclear in-
dustry and electric power,the service temperature of core moving parts of equipment is get-
ting higher and higher, and higher requirements are put forward for the high-temperature
stability of lubricating materials. Ternary oxide lubricating materials have become a research
hotspot in the field of high temperature tribology in recent years due to their excellent high
temperature stability and self-lubricating properties. In this paper,the research of ternary ox-
ide lubricant used as high temperature solid lubricant is summarized,the mechanism of fric-
tion reduction and wear reduction of ternary oxide under high temperature environment is
mainly introduced,and the application of ternary oxide in high temperature self-lubricating
material system is discussed. The variation of the structure,chemical and electronic proper-
ties of ternary oxide with temperature and its correlation with the tribological and mechanical
properties were described. Finally,the application of ternary oxide lubricating materials in in-
dustry is introduced,and new lubricating materials that can overcome the temperature sensi-
tivity of conventional solid lubricant are explored. It is proposed that continuous lubrication
of single lubricating materials in wide temperature range from room temperature to high

temperature (25 C~1 000 C) will become the future development trend.
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Influence of mass eccentricity on nonlinear dynamic mesh

force of aviation involute spline couplings
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Abstract: In order to accurately predict the wear distribution of involute spline pairs,a nonlin-
ear dynamic meshing force formula of involute spline pairs is proposed considering the multi-
tooth meshing behavior of involute spline pairs, the equations are solved by runge-kutta
method after the rigid body displacement is eliminated and dimensionless, finally, the influ-
ence of different mass eccentricity on the nonlinear dynamic meshing force is analyzed. The
results show that the amplitude of nonlinear dynamic meshing force increases with the in-
crease of mass eccentricity,the running state of the spline pair gradually changes from stable
to unstable,and the range of the dynamic load coefficient gradually increases,and its maxi-

mum value also increases,which indicates that the vibration of the system is intensified,and
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it is easy to cause the failure of the spline. This paper analyzes the change rules of dynamic

meshing force with mass eccentricity, which provides a theoretical support for the design of

aviation spline pairs with high strength and high reliability,as well as an accurate dynamic

force calculation method for wear prediction.

Key words:involute spline; dynamic meshing force; mass eccentricity; dynamic load coeffi-

cient; frequency
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B O EMLTEAREERRAAINBAZ LS EA PO RALBRZ — BT, BRI kL
B ST AR AR T B R R AL AT s B AR, 4 A4 AR 4R IR Ae 2 K B 16 3T & (Tterative Clo-
sest Point, ICP) ik 0945 &, 32 th T — AP #7 64 I8 B ok . & o AR 38800 5 ik 12 48 & 38 +F 3 48 4%
SRA R E S ERIBEHAT S B R B A R B AR R G AR R B AR B 6 S AR A F R AT
BB G  ICP Bk R T HR4EM, B ad 4k A4 AL 5 3E4T B Be, AR T sF A 4 69 1R
MET A EEERESZEAN A AEKERANESRERENES, B 5T RERFEG K
BREFHOERZEEZ . F—FTRJTERGHE. 2L ETHBIE, ZF 5T FERD.ERE
Befmii s SRR ETRHEAGER. 5 ICP H & fo M W45 48 % 1 % % (Correlative
Scan Matching, CSM) A8 ¥ , 3% 5L ik 69 IE Be b B £ £ 7 45,

KGR A EZMEA; BEFTiA; SLAM; 4R E; ICP; CSM; Efit; &4

FESES TP242 XHEFRERD: A

An improved matching algorithm based on lidar feature extraction

REN Gong-chang, LIU Peng, HE Zhou

(College of Mechanical and Electrical Engineering, Shaanxi University of Science & Technology, Xi' an
710021, China)

Abstract: Lidar data matching is one of the key technologies in autonomous robot localization
and mapping. The existing matching algorithms are generally sensitive to initial values and
have a high computation cost. To this aim,a novel matching algorithm is proposed by com-
bing the characteristics of the feature extraction and ICP algorithm. First, the differential
slope of adjacent points is calculated according to the scanning data by lidar. In addition, the
points are segmented and the angular points and line features are extracted. Next, the corre-
sponding points through the characteristic value of characteristic points are obtained. Finally,
the transformation matrix is calculated based on the principle of the ICP algorithm. By using
the feature points for matching,the dependence on the initial value is reduced. Meanwhile,in-
stead of using the distances between two points to calculate the matching distance error of
point set, the distances between line segments is used, which avoids the matching error
caused by the length error of line segment features and further improves the accuracy of
matching. The experimental results show that the proposed approach has a low computation
cost and a higher accuracy than the Correlative Scan Matching (CSM) algorithm and ICP al-

gorithm both in single matching and consecutive multiple matching.
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High precision registration algorithm for brain functional
time series images based on machine learning
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Abstract: The traditional brain function time series image registration algorithm has a high
SNR, which leads to image quality degradation. In order to solve this problem,a high accura-
cy image registration algorithm based on machine learning was proposed. The time series im-
age acquisition model of brain function was constructed and the acquired images were pro-
cessed by visual information enhancement technology. The visual features of brain function
time series images were extracted,the feature registration design of brain function time series
images was carried out by using 3d visual reconstruction technology,and the image spatial
visual reconstruction was realized by combining template matching method. Machine learning
algorithm is used to automatically optimize the high precision registration of time series ima-
ges of brain function. Simulation results show that the output image of the algorithm has
higher SNR,shorter time cost,higher registration accuracy and better image quality.

Key words: brain function; time series; image; high precision registration; 3D vision recon-

struction
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Map-building of mobile robot in unknown environment based
on multi sensor information fusion

LI Yan'?, TANG Da-ming', DAI Qing-yu'

(1. School of Electrical and Control Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Shaanxi Agricultural Products Processing Technology Research Institute, Xi'an 710021, China)

Abstract; Aiming at the problems of large mapping errors and poor robustness when a mobile
robot uses a single sensor to build a map in an unknown environment,a synchronous localiza-
tion and mapping (SLAM) method that combines lidar and depth camera information is pro-
posed. First,the EKF is used to fuse the depth vision information of the mobile robot with
the lidar information,then the map generated by the depth camera and the lidar is secondarily
fused using the Bayesian estimation method,and uses a algorithm based on graph optimiza-
tion when constructing the map, making full use of the redundant information of the multi-
sensor to the target,and extracting the consistent description information of the target to im-
prove the accuracy of building maps. In the actual environment,experiments on a robot plat-
form verify the reliability of the method. The experiments show that the map constructed by
multi-sensor information fusion is closer to the actual environment and effectively improves
the robustness of SLAM.

Key words: mobile robot; SLAM; lidar; depth camera; EKF; data fusion
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HESES  TM743 XEKARED: A

Research on charging and discharging strategy of microgrid energy
storage device based on virtual DC machine technology

CHEN Jing-wen, ZHOU Yuan, TIAN Yi-tao, LI Xiao-fei

(School of Electrical and Control Engineering, Shaanxi University of Science & Technology. Xi'an 710021,
China)

Abstract; Due to the characteristics of weak damping, low inertia and fast response speed of
microgrid energy storage converter,its working process will have a great impact on the mi-
crogrid bus voltage. In order to increase the inertia of energy storage converter,a virtual DC
machine control strategy is proposed. The virtual DC generator (VDG) control method com-
bined with the charging and discharging process of the energy storage device. Virtual DC gen-
erator is added to the converter based on constant voltage double closed loop. It can effective-
ly improve the impact of charging and discharging process of energy storage converter on the
microgrid’s bus voltage by adjusting damping and inertia. In this paper, firstly, the structure
of microgrid is established,and then the principle of virtual DC motor technology is analyzed,
which is applied to the control of microgrid energy storage converter and small signal stabili-
ty analysis was carried out. Finally, according to the Matlab/Simulink simulation results

show that the virtual DC generator control strategy has better regulation performance than
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Study on a novel phase-shifted full bridge converter
with capacitive rectifier

HU Yi-ren, SHI Yong™ , ZHANG Lin-bo, GUO Kang

(School of Electrical and Control Engineering, Shaanxi University of Science & Technology. Xi'an 710021,
China)

Abstract: A novel phase-shifted full-bridge converter with capacitive rectifier is proposed,
which has the following advantages: There is not the loss of duty cycle in traditional phase-
shifted full-bridge converter;no DC blocking capacitor is required to achieve ZCS, thereby re-
ducing the converter's size;all switches can realize soft switching over a wide load range, in
which the leading switches can realize zero voltage switching (ZVS) turn-on/turn-off, and
the lagging switches can obtain zero current switching (ZCS) turn-on/turn-off, which opti-
mize the switching loss. Due to the capacitive rectifier on the secondary side,the primary cur-
rent is reset to O during the freewheeling stage, which eliminates the reverse recovery loss of
the rectifier diodes. This paper analyzes the structure,working principle and basic character-
istics of the novel phase-shifted full-bridge converter. In addition, building a 500 W experi-
mental prototype to verify. The experimental results show that the working principle of the
circuit is correct and it can work normally.

Key words: capacitive rectification; phase-shifted full-bridge converter; loss of duty cycle; ze-

ro voltage switching; zero current switching
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Strain-tunable optical properties of the monolayer
SnS: A first-principles GW-BSE study

L1 Wen-tao

(School of Arts and Sciences, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: The monolayer SnS,a potential two-dimensional material,is a semiconductor with
an indirect band gap. Recently, it has attracted much attention because of its extraordinary
physical properties and prospective applications in optoelectronic devices. In the present
work,we systematically studied the electronic properties of the two-dimensional SnS under
both uniaxial and biaxial strains based on the first-principles GW methods. Combined with
the Bethe-Salpeter equation,the optical properties of the monolayer SnS have also been inves-
tigated. Our results indicated that the electronic band structure of monolayer SnS can be ef-
fectively changed by the applied strain,and a transition from the indirect band gap to direct
band gap was observed in the monolayer under the uniaxial strain. The calculated optical
spectra of the monolayer SnS indicated a strong anisotropy under the uniaxial strain. Accord-
ing to these results, the monolayer SnS presented abundant opportunities for creating novel
high performance nanoelectronic and optoelectronic devices in the future.

Key words: SnS; two dimensional materials; optical properties; GW; Bethe-Salpeter equation
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A polynomial time winning strategy for (K.7)-Wythoff game

LI Hai-yan, BAI Yun-xiao, CAO Hui

(School of Mathematics & Data Sciences, Shaanxi University of Science & Technology . Xi'an 710021, China)

Abstract:In 2017,Li,Liu and Fraenkel et al. proposed (K ,#)-Wythoff game, which is a vari-
ant of the famous two-player impartial combinatorial game Wythoff,and provided the mathe-
matical characterization of the set of its P-positions and the corresponding winning strategy
which can be calculated in exponential time. In this paper,we provide a winning strategy for
(K.,t)-Wythoff game which can be calculated in polynomial time,using a special numeration
system in which the P-positions and N-positions of (K ,z)-Wythoff game have unique repre-
sentations and definite rule.

Key words: combinatorial games; Wythoff game; polynomial time
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Based on the PINNs method to solve the unsteady Stokes equation

LI Jun-yi

(Department of Information Technology, Shaanxi Police College, Xi'an 710021, China)

Abstract: There have been many studies on the application of traditional numerical methods
to solve partial differential equations, such as finite element, finite difference, finite volume
and other methods. All the above methods need to generate grids to subdivide the integral or
differential region in the solution process,which greatly increases the difficulty of solution in
the face of high-dimensional problems, especially affecting the efficiency and computational
complexity of solution. With the development of hardware technology and computer soft-
ware, machine learning method has gradually become one of the available tools for the study
of partial differential equations, mainly due to the application of neural network. Using a
Physics Informed Neural Networks (PINN),PDEs can be solved by combining prior knowl-
edge of physical laws with deep learning. In this paper, we use PINNs to solve the Stokes
problem,optimize the error between the true solution and the approximate solution by net-
work,and give the feasibility of the numerical experiment.

Key words: partial differential equations; PINNs; deep learning; Stokes equation
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