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Research progress of functional garment for disabled population
SUN Junnan® , ZHI Aling" \WU Qiaoying"
(a. School of Fashion Design and Engineering;b. School of Internaional Education,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In view of the relatively slow development of functional clothing for disabled people, the research
progress in this field was analyzed. Firstly, the disabled groups were divided into two categories: limb-disabled
people and people with paralysis, and their body characteristics were summarized. Secondly, this paper focuses on
the research status and development direction of the four main links (anthropometry, structural design, functional
fabric development, human body modeling and virtual reality technology) involved in the development of
functional clothing for disabled people. Finally, according to the physical limitations of different types of
disability, this paper summarizes the development of functional clothing for disabled groups from three
aspects: functional clothing design, the establishment of measurement standards for disabled groups, and
the development of modular and diverse rapid production system. It is suggested that computer technology
should be combined with to develop a three-dimensional human body scanning system and virtual fitting
system suitable for disabled people, and that the combination of wearable technology with functional
clothing for disabled people should be the future development direction.

Key words: disability population; functional clothing; body limitation; structural design; human

modeling; review; research progress
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Calculation and assessment of product environmental

footprint of textiles and apparel
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Abstract: In order to strengthen the environmental load evaluation of textiles and apparel production, this paper
summarized the concepts of water footprint, carbon footprint, chemical footprint and other environmental footprints,
Key issues, such as calculation boundary, calculation method, distribution method and the result assessment of
environmental footprint of textiles and apparel products were discussed in detail. By collating and analyzing the three
kinds of footprints, it is found that the output value and output distribution of the public input in the accounting
process can improve the accuracy of the accounting results. The assessment of environmental footprint of textiles and
apparel is divided into organizational level, product level and regional level. Finally, the difficulties and challenges in
the study of environmental footprint of textiles and apparel were put forward. On the one hand, it is necessary to unify
and standardize the accounting results of three types of footprints. On the other hand, it is necessary to establish a
database of characteristic factors and emission coefficients of various inputs of textiles and apparel.

Key words: textiles and apparel; environmental footprint; water footprint; carbon footprint; chemical
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Study on the performance of profiled polyester fabric coated

with aziridine crosslinker/modified sericin
XIE Pingping , JIANG Wenbin, ZENG Xiaoman, ZHOU Yu, GAO Hui, HUANG Sisi
(a.Silk Institute, College of Materials and Textiles; b. National Engineering Lab for Textile Fiber
Materials and Processing Technology, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The sericin with excellent hydrophilicity was coated on the surface of profiled polyester
fabric treated with alkali reduction to improve the problems of poor moisture absorption and poor air
permeability of polyester. Turkey red oil, softener and sericin were used as raw materials to prepare the
sericin modifier by ultrasonic concussion. Through the cross-linking effect of aziridine crosslinker, two-
step method was applied to coat the modified sericin on the surface of the profiled polyester fabric under
the condition of 80 °C, and the performance of fabric before and after the finishing was tested. The results
showed that the modified sericin could be uniformly coated on the surface of the profiled polyester fabric
treated with alkali reduction under the cross-linking effect of aziridine crosslinker. The moisture regain of
the treated fabric increased from 0. 34% to 1.20%~3.62%, and the moisture regain after washing was
about 0. 55%. The air permeability and stiffness of the treated fabric were greater than those of the original
polyester fabric, and the water contact angle was more than 90. 0°,

Key words: sericin; profiled polyester; fabric properties; modification; aziridine; coating finishing
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Preparation and characterization of PLA/PVA/SA composite yarns
LIU Yu, XU Guoping .ZHU Jiaqiong
(College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The polylactic acid (PLLA) spun yarn was combined with mixed hydrogel solution of polyvinyl alcohol
(PVA)/sodium alginate (SA).After freezing, thawing, soaking and drying, the hydrogel composite yarn was obtained
andfurther mineralization treatment was carried out. The morphology, elemental composition, group change,
hydrophilicity and mechanical properties were characterized by scanning electron microscopy (SEM), energy dispersive
spectroscopy (EDS), infrared spectroscopy (FTIR), water absorption and tensile tests. The results show that the
hydrogel in the composite yarn successfully wascoated on the surface of the yarn and penetrated into the inside of the
yarn to form a three-dimensional microporous structure on the surface of the yarn. After mineralization, a large
amount of apatite was deposited on the surface of the yarn. The apatite content was more than pure PLLA spun yarn.
Compared with the pure PLLA spun yarn, the water absorption of the composite yarn increased by about 50%4, and the
mechanical properties were enhanced. The composite yarn has good in vitro biological activity, water absorption and
mechanical properties, which can be used to construct tissue engineering scaffolds.

Key words: polyvinyl alcohol; sodium alginate; hydrogel; composite yarn; scaffold material
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Research progress of metal halide hybrid perovskite

materials and optoelectronic devices
LI Deng, CUI Can
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: AMX; halide hybrid perovskite materials have excellent photoelectric properties such as
strong visible light absorption power, good luminous monochromaticity, low exciton binding energy, long
carrier life time and high mobility coeffieient. Hence, they have great commercial value in some fields as
solar cells, light-emitting diodes, and photodetectors. Here, AMXj; halide hybrid perovskite materials and
their applications were introduced system atically. Firstly, the crystal structure, chemical composition and
optoelectronic properties of AMX; hybrid perovskite materials were described briefly, and the reasons for
their outstanding performance in the optoelectronic field were discussed. Then, the structures, working
principles and research progress of three kinds of optoelectronic perovskite devices (perovskite solar cell,
light-emitting diode and optoelectronic device) were introduced in detail, and the bandgap adjustment
method of perovskite materials was discussed emphatically. Finally, the main challenges faced by
perovskite devices in commercial applications were pointed out.

Key words: halide hybrid perovskites; optoelectronic devices; solar cells; light-emitting diodes;

power conversion efficiency; bandgap adjustment
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Efficient perovskite light-emitting diodes based on heterogeneous nucleation
CHE Siyuan, XU Lingbo, CUI Can
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract; The preparation methods of perovskite films have a great influence on properties of emissive
layers and the performance of light-emitting diodes. Inorganic perovskite CsPbBr; quantum dots were
introduced into the antisolvent as nucleation sites to induce heterogeneous nucleation of CH; NH;PbI;film.
Then, the CH;NH;Pbl;films were used to prepare light-emitting diodes. The result indicates that such
heterogeneous nucleation method can effectively lower grain size in CH;NH;Pbl; films, improve film
quality and restrict carrier diffusion. In addition to these, the excess ligand groups on the surface of
quantum dots can passivate defects located on surfaces and grain boundaries in CH;NH;Pbl; films and
decrease non-radiation recombination, thus enhancing carrier lifetime and radiative recombination
efficiency. The light-emitting diodes fabricated by using the above-mentioned CH;NH;Pbl; films as the
luminescent layer showed low leakage current at a low voltage, and the maximum external quantum
efficiency reached 0.17%, 3 times higher than that of basic components. The result provides an effective
strategy to fabricate high-quality perovskite films and high-performance light-emitting devices.

Key words: perovskite; light-emitting diodes; CsPbBr; quantum dots; antisolvent; heterogeneous

nucleation
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5 2 BB S0 AR X I o

E 3 HAARERE CsPbBr; 2F & &l & 1556k
CH;NH; Pbl; FERERY X BT 4TS

2.3 CsPbBr; &F mXT§5 %K% CHsNH;Pbl; SEAR L
FERERY 20T

HRFEAERA™ CH NH, Phly 3 16 2 PERE
SRR T T OCEUR GG AN ] 73 B EUOE
EDRE I PR R AN 4 Fs . A 4 568Uk
JEIE AT LA L B CsPbBrs 1~ sl W BRI D0
JEHCA R S B B 5 9 e 3, 2 Rk
JETE 0. 050 WT%Bﬂ‘aCHs NH; Pbl; R GBI E5R
BEIR BN R R 2.5 4. DL ERITIA—
E R AR U OB B T2 7 CHy NH, Pl 3
ARG T2 i R B ORI, A0l i B
WS X 5 8025 1y CHyNH, Pl # % 514 ¢,
AR T ACa) vk i) LUE Y, A6 7 B3 1 5
LG I A AR RS 3K #h T 9 R s RS D
ZIN SR AR SIS o MTRT 5 LR 1) T RO *

B4 MANRERE CsPoBrs BF mHl & BIF54KH CH;NH; Pbl; SEIREY LB & LR B 2 P R AR BIEE

A IR R D 43 BT v R SR
Ao MAIEFEBCE RIS A XA R R B =5 41
i) CH; NH; Pbl; AR EEUAO G s 21 7405
B A AT IR A -
I(t) =Aexp(—1t/r)) +Asexp(—1t/72) + vo
@y
Hrr: Ay R A, IEARHRIE ;s o1 oo 230 3R TH 5 i
FRAL R FE T R A PR &2 G A i Al CH; NH; Pl 45
R AR 715 o AT EL
INAA A B A5 9 CH; NH, Pbl; Y
BRI F PN EEE R 1. T Habis &
TR BE RN ZE Wi FEVREE A 0. 050 wtYoR )
CH; NH; Pbl; {2 T fimik Bl K (¢, =87. 4 ns
il 7,=128. 6 ns), B K Ryt F s R E R T M
BCAAR X BBk e BE v i P A e = AR B AR VR . H
JE YR T R F] 0. 100 wt o, AR ()
B A ARG, 2 KD CHNH, P s i b i 31
LIRS TR 2 A o et THRTFE 4.

I YCEUR G B A3 2R A ar i KL 1H
T AR N5 B A D L R R 25
=z 1 CH;NH:;Pbl; EEAIE
ERFTRGE NS HEE

ﬁéntl': A, T1 /HS A, T2 /TIS
0 wt% 0.46 2.5 0.49 44. 2
0. 025 wt% 0. 34 6.1 0.57 53.4
0. 050 wt% 0.03 87.4 0. 96 128. 6
0.100 wt% 0.56 2.4 0.49 44. 2

2.4 CsPbBr; &F =%} LED MEERIFNT

H il 25 A5 K™ CH, NH, Pl AR bt &
PN 3] LED g F b, #8145 # 2 FTO/NiO/
Perovskite/PCBM/Ag., H A NiO 1E Jy 25 oL ki
2, PCBM 1E b L4 2 . Ag VRN, g 45
R B 5 R .

LED #3444 H 3 285 B - i AR S PR el 45 2
e 6 i, Bl 6 o, 5EAIERFAH L, S InA
CsPbBr; &1 fSHe R 0. 025 wt % F1 0. 050 wtgHt,
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E5 LEDSH&iaRE
TR L TR D B | AGE R A R T4
CH;NH, Pbl, i F&, 14y B R 0. 100 wt %,
1T CH; NH, Pbl; AR 30 1 K fm fLIR B i 2 £L
AR S Es R ARSI, I 6()— (o Hm LA
B R AR BE N O w2 B F] 0. 100 wt %, 2%
PEEREIAL T oe i KIS i R . A CsPbBr,
T T 0. 050 wt Yol #4-A B AR FF )
JE1. 0 V) B RAYZEEE (1. 14 od/m?) , KA Mo B i 1Y

HMETRCR 0. 17%0) , 454 Z a2 B i,
ST R R R T T . — PR AR
SRR DN A B LA O R L AR v TR
AR T RAEABEE A 2R hEF R
ZARI0 T REBCARAT R0 i A S T Ak ke B sl 2D T B
RS LR 2 TS R R R R
Ao THREE R 0. 100 wt %o Bf, g s B 5 4 74k
FRALILER 2) , 3% FEIE K CH;NH, PbI,
TSR B, LI K, BBl 2 80 2= e 22 . K
6 (D NERIEAE 4 V LR T UGS E, I E
ATLUE s 508U ik K —30, B A i sl e
T 3 DU #8424 B B ' R R A 2 A B n s ik
NS T AR R 0. 050 wilb, gL EL
RN PE B, R STIENL T 772 nm A A7 Ab TR 4L
HMEE I HAEIETEZ) K 43 nm, 3B CHyNH, Pbl,
B R R R A RCR R I BRI B gl Tk
FERAHNIF] 0. 100 wt % i}, CHy NH, Pbl, 8 B 45 44 5
iy s 72 AR KA AL B H BUR OG5 BE R b 3
. BRILZAh, BT CH;NH,Pbl, BB E AR
AN W S VAN By GO 2 2

B 6 $54KF LED RIS 14 ik A th &k

R 2 MAREKE CsPoBr; =F s itaesE

PRV /win 52/ (cdem *)  SMEFRCR/
0 0.40 0.04
0. 025 0.77 0.11
0. 050 L 14 0.17
0. 100 0.19 0.03

3 & it

SR B 5 AR B T M f Y CsPbBry
T AL T S B AR N T
Z ek CHNH;PbL, # R 0Y l £ . X Fh oy 12
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%8 SnO, & F 154 B Eakikh— B NaCl &, 15456 SnO, & -F 124 B 5 MAPDL 454k LB BEZ Rl e R &, %
R & NaCl 1545 B RACAEF A3 5 Na™ F= Cl I8 4545 5T BB T, M B0 454K 57 45 &b, 38 K454k A R, M
H NaCl 4t F 8 5 MAPbDI; 454k % EA= SnO, ¥ F & #r BEAER s Pb—Cl f= Sn—Cl 4 4 R @ ey L F & 53858, %
ER TGS RB AT O EG Gz g, o NaCl 1546 & B F AR T & F 44 B0 oh F 2 A8 5 1369 B4+
b EZiA 1141 V, KIOFE B % 43543 T ik 19. 49 %00 L s 3k 2l &

KgEIE: NaCl; R 1645 ; SnO, 5 454K 5™ K M AR & it s 6 P4k

FESFEE: TMI14. 4 XHEFRERG: A NEHES: 1673-3851 (2019) 11-0746-09

Efficient perovskite solar cells with NaCl modified

Sn0O, /perovskite interface
XIE Danyan, CUI Can
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: A typical perovskite solar cell (PSC) consists of electron transfer layer (ETL), perovskite
light absorption layer and hole transport layer. The interfaces between electron transfer layer and
perovskite layer and between perovskite layer and hole transport layer exert great effects on the properties
of perovskite films and performance of solar cell. Herein, by spin-coating method, the NaCl was painted
on SnQ), electron transfer layer to modify the interface between SnO, electron transfer layer and MAPbI,
perovskite light absorption. The results show that NaCl layer could not only assist perovskite
crystallization and enlarge perovskite grain size by partially dissolving Na™ and Cl~ in perovskite precursor
solution, but also interact with MAPbI; perovskite layer and SnQO, electron transport layer to form Pb—Cl
and Sn—Cl so as to enhance chemical bonding at the interface, which reduces interface defect state, and
greatly enhances carrier lifetime and transport efficiency. In addition, NaCl modification layer significantly
reduced the work function of ETL. Thus, the open-circuit voltage of the modified devices was as high as
1. 141 V. Finally, the modified solar cell achieved 19. 49% photoelectric conversion efficiency.

Key words: NaCl;interface modification; SnQO,; perovskite solar cells; optoelectronic properties
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PEA A2, R YR AN PR [R) A A ok ™
AT URTF % 3 1k AT 142 B R 0 H 2 A BH A6 Ok i
PREVR G LR B i PR TS g . YEAR & i J2 A FH AC BH
REMA RGOSR . BB K FHRE L ith 2Rk A HL-TCHL
ZAb 55K b1 8 ABX; (A=CH;NH; * \NH,-CH =
NH?* ,B=Phb** .Sn*",X=1.Br .Cl ) {E ik
JZ B — PP R RRORK FHBE FL . A AL T ML 2 fL S
RO AORLELA B TS5 AR/ R TP UK E K )
R BGR E T WS 2AE  FEES K K FH RE Lt
(AL RCR A Je 4 LA N T & 23, 7200 5 AR
LR I A E P AMIFSE B3R

M REZBIE R CRT 20, 0Y0) F5 5K K
FH A FL It AR R F A FLZE A L Herpoi i e iR e 4
(500 “C LA ) il £ AL TiO, 224 w5
FE TCIR A R FHRE HL b R S . SR, LA AS
AN T 2 25 T2 00 5 2% B FRLAR » i L g i
BEZs IR S5 T8 T R R S Sk B )2 4
. AT TE AR B ) B, A 5T AT T AR R TR TS
TIE 46 45 25 o AL )2 00 0 TRk g . =
H1, SnO, AL RE 52 BRI 61 % . 11 BB A Lt TiO.
HEHE T (240 cm?/(Ves)) Fl 585560 fig
2SN RS VA W e I T AN R O et
A, HAT, 22T SnO, (1% - 7 45 4k 07 i b
HOeRME LT 20. 0% BRI SnO, B FE )2
SRR 2 2 114 25 1) S T 2 Mk, 23 R R A HL T
PP AN A T BSR4 T R T
ZER R PHREF it M RE B i — 8 T, I e R A%
b B RR G, KR AFSE 2, B ) ]
DATE o R g e, i Wang %5 & Tao
FERIE T AE SnO, HFEHIZ S MAPDL; #5460
Z I A —JZ PCBM )2, RBUEAT R0t Ak AL T B
ok IN K BH B FEL Tt R SRV 5 B B FEL TR A8 2k . Ma
TR THO, SH5ERT 2 2Z Al A—)2 CdS )2, FH
P ERI T H R mAE e, I Hdl b T BAR R 9 2
TFEA LRI T 2 A G R AOR

T (A ST IE 22 01, R A5 k0 2 rh sl it 1%
R UEAT &R B B 4, iR B — 5 1Y AR AE
FAE1 I Hok 3R 1B 2 A A5 5K )2 o 0 R 4 B
FEARH A2 TS SR TSR R PR R FL i A P fE .
PRI AR SCR H T8 PR IE VR TEAE SnO, B F & 4 )2
L% NaCl 2. k& i SnO, B T &2 5
MAPDI; F58k4 2 Z [8] ) L 1T . REEAFSE NaCl JZ X}

T

BRI AN A AT A P RE L Y RE AU 2
1 SERESS

1.1 ARSI A

AN (NaCl gl [H 25 8L k2= 150 A |
—IK A AL (SnCl, « 2H,0, 43 #7 4li, Sigma-
Aldrich), = H 3£ F . (DMSO, 99. 00% ., Sigma-
Aldrich), N, N-—- H 3t 1 it i ( DMF, 99. 80%,
Sigma-Aldrich),2,2",7,7-PU[ N, N-—. (4-F & JL 4
HOEHT9, 9" — 2 (Spiro-OMeTAD, 99. 80 % ,
VU225 3R AT FR S BDD L A 45 (P12, 99. 99 %,
PO SRR R AT BR 2 Al B AL Ak e (ML,
99.50% , PG % 5 A B A B2 | &K (CB,
99. 80%, Aladdin) , Z i (99. 80% , Aladdin) , Z, fii#
(gt , H 25 B0 A 7D ToK S (2
ali, |8 25 4L MR A 7D B A e B S F Bt
3 (TO, Ht M Em B FREA R 26D, 4 (Au,
99.99% . b A & B AR A FD .
1.2 $5$K% KPHEERMAIH &

SKH ITO/Sn0O, /NaCl/ 55448 / Spiro-OMeTAD /
Au (L EE R A B R K PHAB LTt . 7 56 1 1A
TEALIY TTO T i B TR 25 B 1 /K TH VR IR &
PR Y 75 T 16 5 min, FHEUR TG 7 £ 48 R
AMLTAREE 20 min, SRJGFEWETE AT ITO LS L g
% SnCly « 2H, O 1 O BEVE W (19 mg/mL) , ek 5¢
JETE 100 “Chn#di Fim# 5 min FEEF4 % 230 'CH
gEprrh HAb B 1 h 145 SnO, BF1EHZ. B,
DI [] 1 o) 28 2o A ) 2 AS [k B2 1 NaCl B )2
Horb, BEWR 19 NaCl 7K ok B2 43 3 R 0. 05,0. 10,
0. 25 mol/L #1 0.50 mol/L., ZJ5, 8t &5 1%
Tl 2 E5ERDT 2 K ES BR A T IR AV VR VR AR R L
FEREIRZE 21 s B FERE SR BN 0.5 mL LBk %
FNAE O A s 7). VR 45 RS L 7E 100 °C A
B Em#A 10 min BT R4S SRS A9 A5 Bk i, H:
WL EBER T A SRR VR TR KE 1 mmol Y PbL, , MAI
H1 DMSO ¥#f#AE 600. 0 mg 1) DMF hfilfg, 257X
et J230 3 T 1k 48 28 19 Spiro-OMeTAD SE R W
(72. 3 mg iy Spiro-OMeTAD, 28. 8 pL. [ 4-T kil
ME & 17.5 pl 19 520 mg/mL AYEEER 205 15 7 i
7E 1.0 mL (ERTOHIE. &5, 752 ULk Z L
gk —)Z 100 nm [ Au 15k B, LAY A5 2500
Bk 0.1 em?,
1.3 Mk 53R

i HITACHI 1y U-4100 #1£850-1] Y6436
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HEE I CUV-vis) I 4 45 8K 4 3 B 1% O e i,
HITACHI Y S-4800 ZY 44 i, ¥~ 2 i B (SEMD 2
TS BR 0 R A 2R RTE 3. fif F Bruker 5 D8
discover A X B AT S (XRD) X E5EK40™ K 1Y &y
RgE g FE47F4E ., 4] Edinburgh Instruments [
FLS 920 RS/ 259615 1L (PL/PL Decay)
FAEH 152/ Bk S T e 552 6 .
H, A5 4 J2 2RI 0 T8 2 23 A S By o 50 0) 3 Aok B T
Kratos 22 8] ) AXIS-Ultra DLD B 1) X HF£& G
Tl (XPS) M AP GHL T (UPS) #4455k
oK BH AE F Wb B H - R (VD R PR AT PV
Measurement FAALL R BH G I 5 Ge 64 700 4k, DU
T F AR FHOGREUAR i Newport il i1 94022 A
AURLALLAR o 38 ) A fE AL R BH B FR A HE . Lt % &b
73R (EQE) 2 i3 PV Measurement 4 F= [
QEX10 Ao FRCEMIX R G 7

2 HR5WR

2.1 NaCl &%t MAPbI; §54k% = B 2201

fifi 22401 DL 3% L XRD Al SEM i AF
5% NaCl &M 2 XS TR AE 12 85 SR I 1) Y6
W SRS R B R TR S g, B 1 BoR T LR
TEAS A e BE NaCl 4 B SnO, L F &4 )2 /Y
MAPbDI; F5EKH" 2 19 28 Sh-1] WSO . AL 1
Frr] DAE H, NaCl 43 )5, fhi 2k 7E 500~800 nm 2
B TG A8 4k, 8] NaCl &4 2 A4 X MAPbI, 45
BRAT R A 2 TE R R A . SR, AE 400 ~
500 nmZ [A] , W I il 2% ik 5 %) 38 R i A% 1

B NaCl #&1fiJ5 » MAPbI; 58k 5 400~500 nm
AR Bl P R A o . D AL T g J2 ¥ 23 NaCl
AT RS BRAT TIR AR RO A BRAT SRS R O
HIUR G I, B 2 20T Mo s

B 1 FERERE NaCl &1l SnO, B ERISSHRT iR
b9 5 S~ BT DL IR g St i L

& 2Ca) 2 ke By XRD fi5 5t &, g DU AE
NaCl 43 1) SnO, HF & )Z L85 5 2 3
AFRLAA) A7 5 Tl G 0 i i > vy it TG Bk 3 AR Ak, %
W] NaCl B XTESBRA™ (Y i AH 45 48 RN 45 i 1k HE TG ik
FHE, AN TR 2(b) BFaR . 14° 22 45 B MAPDI,
PR (100) il TV 06 - AN Bl NaCl b 3 v i 1Y
AR 8l , $E— 20 B T DURRAEAS [R) e FE NaCl
ARFRIY) SnO, HLFIEHIZ L) MAPDL, £55K8™ 4 4
[R A0 S AR SE R . SR 18 3 A9 MAPDL, 454k JH i
i) SEM K S 4 481t 1) 45 W 2 NaCl X By /9 55 £k
W REE A At R A1 [ ) % W], NaCl Ab B S , 85
BRET Y Ao IA FE A R, AT R TR 43 NaCl i

B 2 ZEARERE NaCl f&1fR SnO, B ERIEE$AW EHE . SnO, #1 0. 25 mol/L NaCl 43 /) SnO,
HEER A XRD AT B FNE5 Sk W AR AT (100) REATSTIER MK E
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/N #) 5.00 X 1073 mol/L, A A 0.05 mol/L
NaCl ¥ J2 1 9 85 K0 1 KR 5 W NaCl FEAS 3k
FIAN L R — 248 K NaCl ¥ J% , HASER kL
WAL HIE R I H i T AR NaCl iy K, 55
R R HG R B AR/
2.2 NaCl &3t SnO, B -FIEHE R # N

fidfi FH XPS Xt b0t NaCLEMRRT S SnO, HLF-1%
RSk, 85 (a) 2 SnO, A 0. 25 mol/L
NaCl &4l SnO, A XPS 4% K, & 5(b)—
(D 791 72 P R 5 X 1 9 S 3d. Na 1s il Cl 2p
1) XPS 3% &, AT LLFE h, NaCl &1 J5 , A ah 3R T
WP T T 1071, 78 €V i Na 1s WgF1 197. 00~
202. 00 eV Z[a] [y Cl 2p W, Cl 2p W] L) 2= 345 5k
200. 44 } 198. 84 eV BN, 73 IxF i & Cl 2p s
H1Cl 2ps . B8 , W] T NaCl BUTFEAE . (HIFTFEER

J&,Sn 3d [ HERILE 42 B ALY 495. 38 eV % 486. 95
eV Wi~ 1E NaCl 4b B )5 ) IR 45 A GE A5 30, 1
ClET5&m Sn B FMHEAEHBE. 450 Cl
BUR O 5% Sn B T45Am. T ClLivdf
PANTF O fifi Sn Ak 2F 30858 & A T 284k, I R AR
EARE. 55—, ClL B 1 RE 5 45 Ak B 2 1 28 0
g PO AL Pb—ClL g, Hiik, 78 CLE 71
M AERR B K M358 T SnO, /MAPDI; 45
R B AL 2R S A . TR, 5 Bk 2 T & b
() Pb—Cl {7 B TE e R T Pb—1 K2 A B I
JHE » T LA 50 1 52 A7 e 563 B4 T G » AT D 2 L
MG, B, NaCl &M AS (L RE B 3 SnO, /
MAPbL, 854K A1t i fk 22 45 4 10 H. Be sk /0 7L 1
BB 2 A7 AT 52 PR Ak R B I #R R F i A
i .

B 5 SnO, 1 0.25 mol/L NaCl f£{fi#9 SnO, R X Lkt F ik E
SHRIH) Sn 3 d\Na 1's R Cl 2p ) X 574k i3 F i

F1 T 5081 NaCl XF SnO, HLF 1% i J2 T ek 807
s K 6(a) 44 T SnO, F1 0. 25 mol/L NaCl &
Mi ¥ SnO, % UPS &, SnO, F1 0. 25 mol/L

NaCl &1 i) SnO, WA UPS YL F# 1k 34 53
BA 16. 90 ev 1 17. 25 eV, RIEAF.
®:21'227Eculoff (1)
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;H\:EF' :d 7{11}}@@(, eV;Ecu\()ffj‘j:YkEEA%ﬁJJ:ijl’ eV; ﬂ
DI HEAS 2 T pREC 1R 4. 32 eV Fi 3.97 eV, 4
TR BHAE R L J5 » #31 BY e 45 A8 7~ 2 an & 6 (b) fiF

715 s NaClUB M » FL 1% 2 10 2 eR A B AT 545
BRABET B DT A ) Tl D AT 1 S T A i e
0 EFE 2R 35 K FE b PR 6 P

B 6 SnO; #1 0. 25 mol/L NaCl {&1fi#) SnO, FERRAIEESM LR Fig N KPHBE B EE T AR EE

fii %2 06 63 43 B T AN [6] ik B NaCl X
MAPbBL 855k 8" 2 W80 T2 & 52 i W
M) o 00 428 1 S 5 Bk 5 T AL TE TTO/SnO, /K [R] #e B
NaCl JLJE F. @il 7 Ca) A1 (h) () B 245 gk 25 98k
St (PL Fil PL Decay) fif 7, PL % BE B %5 NaCl
1B 2 v B R 3 R T s /)N, 7 0. 25 mol /L B 3555
AN BRI T 75 A ] LA I PR A s I AL

I(t) =Aexp(—1t/t) + 1y, (2)
Hr A IR s o 2 P2 /AR R
FURAL H 5 | S A 5 A B ) I A A, ns. UG
BAEFEH,0. 25 mol/L NaCl #&4fiJ5,c M 66. 16 ns
W/NE 55. 05 ns. BB NaCl A M j /b 17 5T Bk
D ARG E AW . g RS XPS & UPS )
ARG R 3L

7 ZERERE NaCl {1 Sn0, LH) MAPDI, $5 67 BRI AR A 0 K 45

2.3 KPA&EH jth A S B M BE K

&l 8(a) f& A [k B NaCl 84 4 45 4k ™ A B
ARG J-V Hh e, AR OB IR S8 T 45 1 v,
MK 8Ca) AT LA 1Y B NaCl ik B2 35K, Hi i
RIS, 2 NaCl ¥R EE R 0. 25 mol/L B, 2%
PR R R e R B 19. 49 %6, HTF s H Ry
1. 141 V., 55 I 28 B R 22. 78 mA/em? , I 70 [H
TR 75.89%, 4 NaCl &1 J2 i i afF — 25 3% K 3

0. 50 mol/L B}, g4  FL A e R H 2R R B L ixX
] BE 2 PR R R vk BE 1) NaCl 7K s Wi e 14 1531 1 7
AN 5] (A L T VR 75 1) 14 55 K0 R 0 A1
AL NE 8(b)— (o) fin, AT T MAPbDI,
FHERE W ISOUZ N R T . 1 HLEE R NaCl
J2 R 1A R, X S O s Y S s B T
MAPDI; F5ER47 )22 A8 M DA T o5 J6t (266 FEL 3 3
TR I e T B HUSCR R BEREAIR
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Bl 8 AR[ERE NaCl &1 B9$5 Sk 5 A BH #& B3 it 1Y 5 25 B 37 - 7F 8% EBL I i £ [E1F0 0. 50 mol/L NaCl &
7£ 0. 50 mol/L NaCl &2 L HER IS AT HIRM S E
F1 AERE NaCl G RIEHNBRENE SN EREEER-THEEERELRSH
NaCl #J¥/(mol-L 1) FFEEHLE Voo /V BT Jso/(mAsem ) HIEHF FF/Y% SRR /PCEY
0 1.110 22. 48 73.97 18. 46
0.05 1.112 22. 81 74. 36 18.87
0.10 1.125 22.74 74. 40 19.03
0.25 1. 141 22.78 75.01 19. 49
0. 50 1.133 19. 89 71.52 16.12

S 4h . NaCl ¥ JE 4 0. 25 mol/L i, K BHAEH th
()T I FL R e A5 3% A2 PR ok NaCl B M B AR T L+
T 2 0 D R 8 i AR A 2 S S BR T2 Y BEY
TR VC T, Fre 28 It 7 1% i aok A v 19 B 2 43 2R ik
INGEEE TR R, 8 9Ca) R T AR BH A H it )
HME TR IMNIR S R . 28 0. 25 mol/L NaCl & /i
): I AE 400~650 nm A1 700~750 nm 5 FE NG

N A BT X 5 TV RS R —3, NaCl 1#‘
L'Fﬁfﬁ,SnOz/MAPbIS PR ST P S P AR D 2

T T A i 38 oL 1A% i 2 B0 A8 e o A 2R )
FREEAR - PRI L 6T W OS2 LAY T BE 8 78 70 b
SEILY B« AT ZRAT B3 e B A 1280 . 1 9 (b)
JETE K FH BE R I B9 R R B i D AR 00,90 VIR
0 1 el ) A S . NaCLE MG IS 281 206
S 52 30 SR A R 17 O e IR 5 19. 49519
LA 0, BB NaCLE M I 85 5K 67 2 P g

ERCVACH IR S PR TR =R NS Pl 1 v
R—

9 AKfEHHFN 0. 25 mol/L NaCl &4 APREE R AN E F R R EMBZE A B HIN R S THRSRIR SERERNE
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ARICHE SnO, HLFAEH 2 LER— 2 NaCl )2
BT SnO, ML F L4z 58580 2 2Z R i L .
NaCl i J2 AN RSl B A5 Ek AR 45 b, 38 K A4k
iR RSE S 9 A B B 2 17 H NaCl fg [F] i 4% &
MAPbDIL, 5%k 5 )2 & SnO, o, T1£ 4 )2, ffi SnO,/
MAPDI; 558k 8™ 5 1 A 4k 25 45 4 1458, A K Hb 3 5
BRI T M F A RRCR . IEAh, NaClL B2 3%
RFAR T L AL 52 I D BB 080 T 3R AL
R RE R B 0Y K FH RE FE b T % R
ik 1141 VL BZFRI8 T 19. 49 % B G B0R
fiFH NaCl B4 f % i 2 5 858k J2 22 18] 11 ST
(14 77 3 T PR R 1 1A R L e A A I S R
IR BHEE H b e T

S 30k
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g-CsN4/TiO, R &L X1 Ry &l &
R mEK=RIERE

B X4, REHE,E A

GHiT3 T RSP, 40 310018)

W OE: 23NABEGE R ERZREEAEAD gCN, ATIR4K, KA Z Frik R KA EH -GN, ft #4£ TiO, 4
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49 gCs Ny /TIO, L AMF A BRE DN  AEABATLS 2T, AN FHREA A ZR AN ¢C N, 77 K4
B, TiO, 483 KR4 Tty th R LM, g )89 g CoNL /TiO, A A5MH ERFR S A &R B ot LA &4k
AAEBATACRE. AR ZASOMHAOLBALAEREEINZ. AEMAMARBRF FTHSMR SR EEZE
20. 75 mmol/(g+h),

KA : @GNy TiO, s AR s 57 F 25 5 AR

hE4S %S, TB33 XHEFRERG: A NEHES: 1673-3851 (2019) 11-0755-08

Preparation of g-C;N,/TiO, heterojunction photocatalytic material and its

hydrogen producing performance by photocatalytic water splitting
YAN Yumei, QIAN Degui, CUI Can
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Thiourea, urea and melaminewere used as the g-C;N, precursors respectively to prepare
g-C;N, /TiO; heterojunction photocatalytic materials by loading g-C;N, on TiO; nanoflowers with
impregnation method and annealing method. The effects of different g-CsN, precursors on the
morphology, photo-electrochemical properties and photocatalysis-based hydrogen producing property of
g-C3N, /Ti0O, photocatalytic materials were investigated. The results showed that, when thiourea and urea
were used as g-C;N, precursors, the heterojunction of TiO, nanoflowers was destroyed, and the specific
surface area of g-C;N,/TiO, composites was low. The photon-generated carrier recombination was serious,
and photocatalytic activity was low. When melamine was used as the g-C;N, precursor, TiO; still kept
complete nanoflower heterojunction. The g-C;N,/TiO, composite obtained had low photon-generated
carrier recombination rate while maintaining high specific surface area. Thus, photocatalytic performance
of the composite was enhanced significantly. Hydrogen production rate by water splitting under simulated
sunlight exposure was as high as 20.75 mmol/(g+h).

Key words: g-C;N,; TiO,; photocatalysis; heterojunction; photocatalytic water splitting
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0 31 &

PREE 15 YL M AR IR 40 Bl H 25 ™ 08 T & nl B4R 1Y
TG RE IR R A N 28 AR 7 RN ] R 22 & i 1 8 KR
Y SRR AR T T AR TR AR S Y
FEYI R AR5 Y™ . R, TR & Rk IR EE
H Il S A BB L, e g K il =
P FARR DGR AE HIAT R R FHBERE 1 =
e E— RO ELAR G i R AR L 2 SR
BHECIRP AT - A A P s O, AR H
TRz FCGEREE RAR M R 5 . 5K R G EAL
AR RN, T = AR RS . B BN E 4
il TR 2 BA 2 Ot A SRR Y 2 KA
LA ZnO®  MoS, ™ | TiO, ™ 1 CeO, ™ 45, TE4
AL b, TiO, BAA RN oRE b2 ete e vk
TSR A5 B 2 AR 5T RN R AR R RO,
TiO, 98 i B B8 A AR 19 K FHOG 1
BT R A F S EEDC A K 7 S8R
fiKE . AT TiO, B @ SO AL s v . B 98
EM TR Z S 0l kA e TiO, B
S5 Ky SR A b 2 1T RRUE T 484 0 B 7 % AV R
I TC R B AR AR LR 45 5 A A A B
TR A B T 4 O B v IR SRR S A
B FMERE Y,

jki\}ﬁfﬁﬁiﬁx g‘C:%N4 %Fﬁ% 2.7 eV, Eﬁﬂ
US| A AT 6 B AT ey S WER e 182 o ve A = K1y
FE AR BRAFA A B 12 B T 58 15 Y Db o3
B A T W - S O\ 7
{7 B, 3 2o el FH BRAN 9 B B A U RO AAR 5 — 2R
T JRE ENE BRI T A
E‘Z g‘C.’s N, @?ﬂﬁ’%/ﬁfﬁﬂ%tﬂﬂéﬁ’ﬂ g‘C.’a N, ﬁﬁ%ﬁ%
TRGERE , LERTEFR AN A B+ B A R s ™

T HobmAeiE . BHEr. 8 e GNy 6
PEARTE MR 5T 32 B4 TR e W A4S D7 T . — T T
FRUNRST B @GNy 38R H R T AR A D6 AR
HL - FN2S O O 25 5 o0 — T Rl RS 2
B MRE AR A LT RN A ) 43 B RN R
B, Liv 280558 2o 7K A4k B i 3R U4 F0 Bl ot Jin 34k
BT LA g-Co Ny 4K AL X Fl g-Co Ny 4
KR HAT R L R TR, 2 B0 A X 8 4 AT Lo
FEMEL TG PE ., Wei 252 R IR ER BB IL & % T
g-C Ny Gk R/ TiO, 25 0ERR 4, H T 2 41
ITE AR R LRI B AL AR . (H R
F BHMHFFEHE K2 R H—Fh SR mg B — 7 T 4

SeAEAL A B LA TG M, BB H RS g-Co Ny
(75 ¥E S 2R B ARMERE ] 2-Co Ny RSF RN
ASCHH R TR ALY TiO, 9K AEAE g 5k
JEM R ARG g-Ca Ny BTSRAAR 38 1 32 35k
— IR KAL B 4 g-Co N,/ TiO, 57 JFi4h . fHE 3
g-Cy N, HTBKAAXT g-Co Ny /TiO, S35 45 1K 50 45 1 S
JCHEAL T K= AR RE AR IR o

1 SKEEERSY

1.1 SEISH

To/K CBE W AT = A AL T A FRA R 5
P O = i VI UL » SR B =R
JHie IR 2 VIR, Y0 1 BT TR A PR 7 5 W2 Bk
PR B 5 N S EE R R R 1 B Sigma-Aldrich
Company Ltd, DA ¥ RorAral,

1.2 TiO, AR Fl &

¥ 25 pl M = Rehn®) 31,5 mL R NEEH,
FEPE 10 min J5 . [m HAAIA 1.1 mL X2 Bt A i 5k
TR NEIE KRR, AR i 10 min, AJE KR
B 50. 0 mL W22, 78 200 °CF #ikk
#24.0 h, FERNVER N E R, S 28 AT
WL BT KR TCIK S 53 e =k, B T 60 °C
IREFE T, TR 24. 0 h, 45 8] TiO, g4KA4E, Frid R
TiO,-NF,

1.3 g-GN,/TiO, EE#MHHIFI&

4 600 mg 1) —HREGE S /3 HT 30. 0 mL
LB KT FE 80 Tk h i Hria e, HIK ¥
200 mg TiO, HPKAEY ]380 T = REME R T
RGBT B T 5 RO S e S B b DA
5 °C/min BFHRE T F] 550 CIE AR 2.0 h. 15
FRFE AN g-CoN, /TiO, ByK Frich M-CT,

DATRIRE B 75 » 4 50l HT Bt DR PR 32 8 4 = 2R
i, 75 ) 1Y ¢-CyN,/TiO, & & M K 2 Bl Aric M
T-CT,U-CT,

1.4 fa%h 1 wt% Pt B9 g-C;N,/TiO, ER#HIH&

5. R 100 mg SGfEA BRI A B A7 9 3
35 52 7 2 RN 70. 0 mL 2558 77K . 30. 0 mL
L f 0.6 mL ) H,PtCLs » 6H,O /K ¥ W
(10 mg/mL) , 5] 5 5 HA RGEEEE K, il
A, ARG TERRE A HEIRAS T, AT 300 W]t
HEL h, M TR B A IR KA, Jhe B ROV e
(R RHEAT B0 TRV T M B 3k 1 wielo Pt
AL
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1.5 X 5RAE

¥ FHl D8 Discover X 5 £k 117 5 {X (XRD,
Bruker 28 5] XF A & (1) S AR S5 0 247 0 s S
4800 77 & G 45 HE - B il 8% (SEM, Hitachi 2
A A1 JEM-2100 #3% OF # Bl B5E (TEM,
Hitachi 23 &) %R i B 85 AR S 2547 000 5 A A FL
41 486 1E 4 (FTIR, Nicolet 5700) %t FE 54 B fig ]
SEAE E AT 4y Brs FH LG 3R T R B AL AR B & AY
(BET, F-Sorb 3400) % # fi bt 2 1 A AL Bt i 47
M X B RO B F BB i A (XPS, Thermo
Fisher Scientific 22 w]) XA & 2 17 22 1 1k 2% 93 47
H F-7000 Y4366 B 11 (PL, Hitachi 28 7)) Xt
bR T2 A BB AT 40 s FH U-3900 74 454
A] WL ARG BE 31 (UV-Vis, Hitachi 23 &) %FHEE 5 G

W PE RETEA T AL s G A Ak 20 i 7K 7= S IR 2 o
50 mg i3 1 wt¥ Pt [ FE 548 75 2 87E S A
100. 0 mL 75 30 0 = LR 7K T V1) Aoy D B 389 52 o7
fe SRR 5 S R, E A I L 300 W
KT AL AR R A BR A /D VR AR IR , & 4l
SRR A SO AL (R 36 GCT900) #5  A=
AR,

2 #ER51TR

2.1 REXHRIFREMRI

& 124 TiO,-NF [y SEM [&] F 1 1) Jry B K
SEM [, M 1 HafLIE 1, TO, 9RIERN5],
REAE 500 nm 2247 s MELRICR ) SEM [&] ] LR /5
WL H TiO, GKAE H A 0K 22 A

B 1 TiO,-NF # SEM

Bl 2 S5 A DAGK R 2= A = SR U R g-Cs N,
ATORARES il 25 (9 & A A4k T-CT U-CT it M-CT
SEM [#., M 2(a) da] LLF H, KEB4> TiO,-NF
FE il 28 3 R AR AR B T 4R RL o A 7E g-Cs Ny 20
KR A 2% T, HB 43 HE R Rk B, 2% B R AR IR AE R
g G N, Fidki& 5 TiO,-NF & & #f, TiO,-NF {4k
SERIRERE IR A8 AN K R . IR 2 (b) Hal LLFR
L TiO, 2 EPA UBRL 5 g-Cs Ny 40K 7 B Hzfi
TiO,-NF fEARE5H 43P IR, I 2o haf L
A TiO,-NF R AE R G W RSF 3547, 98 H R
R4 TiO, 99k i B A 5 g Cs Ny 4K ks
K g-CyNy Gk F o N M-CT 538k Rl 2(d)
THIE I L2 3] g-Co Ny g KRR &2 -GNy gk
WA AR TIO, b, £ H =R MEN
g-Cs Ny Hr9K R I B4 I 1 76 95 19 g-Cs Ny 4K it
Hi/TiO, GRS B .

K’ 3 &8 4 ME T-CT.UCT f1 MCT f#
TEM K K mor 3 TEM B, E 3 AT LIA H 24
ﬁ)ﬁﬂﬁéﬁzﬁ g-C;N, ﬁﬁiﬂzﬁiﬁﬂ‘,ﬂrﬁﬂ%ﬂ@ T-CT ':F'g‘ca N,
R ROIR L TiO, SRR 23 A 7 g-Co Ny 4k A

M. B 3(b) R, 76 T-CT H TiO, 41K ks
5 g C, N, B8535k, 0. 35 nm [ & £ 800 5481
B4y TiO, 19 (10D &, [RIAE, K 3 (o) Fl
(DA LI gL R, MR ZAE N ¢ C N, 7SR AR,
e £ ) T-CT v, JORLIR 888k 0 25 # TiO, 5
g-Cs N, GOk i HERTE—ik2 . MR 3Ce) Hliges],
%E%%Hﬁ‘j‘j g*C3N4 ﬁﬁQE{ZlKHTJ‘,Ti(b 1}57}%%%%
gERL, R RS ALY TIO. 94K K-y 50k IR 5% AE,
g-Cy Ny A BORLIRAE TiO, 9K AL 23 B 144
o3 B 3D 403 TEM i — 23R g-Cs N, 44
KRS BUER T AH TiO, 9KAE BB

lzl 4 7?5 g’C:aN4\Ti()2 *ﬂgé\ﬁ%ﬂ'% XRD
TS, TR ARSI ARAR I M, DA A R A R
IS . XAl g-Co N, ZERTST /A 20 7 13.1°
127, 5N AE P AN FRAE U6, 43 590 X 1V = 1 3 45 4y
PATTTE PRI 1 (100) & T RN 55 75 96 A0 J2 )
BUE BBy (002) § . X F 4l TiO,, 7F 25. 3°,
37.0°, 37.8°, 38.6°, 48.1°, 54.1°, 54.9°, 62.7°,
68.9°.70. 3°FN 75. 1Lk AATT 5 e 43 S0t 0 B0 EK A AH
TiO, #(101),(103),(004),(112).(200).(105),
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(211),(204) . (116) ., (220) F1(215) b 1id . 7EE S H
B T-CT.U-CT 1 M-CT 1,5 TiO, %17 (47 5F
UEETE BT AT UL, 5 g-Cy Ny X Bz 9 497 S5 06 AN B 4, 3¢
RN g CN, TEE SR b & aig b,

B4 Sefefehtiigg XRD E

&l 5 2GR B (-GN, TiO,-NF, T-CT, U-
CT.M-CD W E -2 /MNFTIR) 3 K, Xt F TiO.-
NF B4 7E 500~700 em ™' 2 [A] g e J&: Ti—O—
Ti A Ti—O B 1Y A 475 I% 2 1, 76 3500 em ' Al
1650 cm "&b At A I S0 73 ) DA 8 1T TR RS 1) 7K
*Hﬁgﬂg ﬁa%%ﬁ]ﬂ@o X F g-C3N4 ’ Tf 1243 ~
1640 em ' Z A1 AW W) T C—N F1 C=N 2434
HI SRR N6, 7 808 cm ' AL Fy W S s ) T = R BR
(A5 i 4 3l 06, #E 3200 em ' i 04 B8 0 H R T
N-—H 1 O—H Wik shg, 2 GMET-CT,
U-CT F1 M-CT Ht TiO, NF il g-C; N, [ J5i 5 F#1E
PR SHIEHATRETE T 1) L 2, IF H g C Ny A9 RFAE IR
SR AR5, Ui A Ak TiO, NF fil g-Cs N,
[EIRFAAEIE H g-CoNy 1 & ieig /b,

B 5 FEAHBMFTIR
& 6(a) HE LM T-CT U-CT . M-CT By N, %
FR-BeRfT 2 . AL 6 () ] LU Yy, T-CT U-CTHI
M-CT &R R IV AU 4 iR 28 UL RAE LS # . &
BET # A1 8 & 3, M-CT By 1t 2% i f | KAy

97 m* /g, T-CT fy b 3R i Bl /N By 62 m? /g, U-CT
IR AR 76 m*/g. Kl 6 (b)) HE Gk T-
CT.U-CT M-CT L&A E ., HhE 6 (b a5,
M-CT WfLEE 50 A LI 20 F 2 A AE 7. 90 nm
feti. i T-CT, U-CT L4 5 ¥ 7 5. 00 ~
25. 00 nm ZZ[f],

6 T-CT.U-CT.M-CT i N, R Bii-Ft it i 2 R FLAZ 53 75 [

K7 & g-CsN,, TiO,-NF F1 M-CT B9 15 43 %%
XPS % &, NE 7 Ca) 5 40 3 Cls 3 0] LA S
g-CyN, (1) Cls 3% | B =0, 7 T 284. 6 eV 4b
1) WS AP SR BT L Y 45 6 B 61 T 285. 5 eV b i
X C—NH—45 G fg . 0 F 288. 2 eV Ab Ay X,
N sp” Z2fLRBRNEE ARg. 5 e C Ny M. A
B M-CT ) C—NH— 455 BeA1 sp® 244 i iy
giGueym s G Re b s, RUTEL SR,
g-CN, 5 TiO, &4 T EAER™ . #k—
SR LI M-CT E45 580 285.9 eV FI 288. 4
eV [PAb ISR FE [ g-CsNy 1955, 2 TER G #
B g Ny I E R . W 7(h) &3 Nls i
Al L F H. e CN, 19 Nls 3% i 7 398.7 eV,
400. 0 €V 1 401. 2 eV A =AM, A% C=N—
C RPN JFEF,N—(CO,h N JEFH C—N—
H qj NE%O 5 g*C3N4 *H . M-CT tijz/\m%iéj
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B 7 g-C:N,.TiO,-NF #1 M-CT B 5 48 XPS i

RS G Reb A B sh, £ ¢ CGN, 5 TiO, 1y
AHEAE RS DR AR A s h i = % B L R
TASE B 7(0) & TiO, 1 M-CT (#8543 3¢ Ols
% AE TIO, (1 Ols FRE i, 78 529. 8 eV ALY I /&
T Ti—O#,530. 4 eV AbAyE IR & T3R8 1H—OH 2,
SR 8 MECT oy, Ti—O 80 06 10 I 45 4 fE#% 3
0.4 eV, E7(d) & TiO, Ff1 M-CT By 5433 Ti 2p
T, 76 P RP R R o 2 M B A g, FE 4 A RE N
458.5 eVl 464. 3 eV [ RIXF R TiO, 1 Ti 2ps»
FUTH 2pys o 0B XPS (1) Cls 3% N1s % & Ti2p i
PRI A KR Ti—COND B RRAE I, 228 C Rl N JT
REAATEA TIO, S TIO, [ S S5 A 1A 1%
U XA S XRD EIF HRTEM B —3,
2.2 RENHRIBLFEMEEEHAR

K THIREAME T-CT.U-CT f1 M-CT 5%
WCPERE X AT T UV-Vis M58, 038 2% 5 4 %]
8 i/, T-CT.U-CT #1 M-CT 7£ 0] VL5638 B 1 3%
AW RS Y = R Ry g-Co Ny TSR AR B, ]
WOCW W RE F1 355 » Ak A g-Cs Ny A3k, W]
DR K BE T dek . 53 A0 R [R R g-Cs Ny R/l
K& CT Z &M BB AR (T-CT B
6, U-CT R, M-CT AR B () , XF W 1) 6 UL
558 AT

B8 T-CT.U-CT #l M-CT B9 UV-vis &

2.3 FRELFSEESHR

TCHEAPRH P S RE QAT 9 s, 4l @GN,
AR R P 2577 E 44 2. 35 mmol/ (g+h),
A RE T-CT U-CT #otfifl ™ 20h 2448 T4k
TiO, GEKAER = E M F 2R BIREUR 2 A
g-C; N, AR, 5 TiO, gikie & & . Tio,
YRACIREE W BB IR 22 1 TR0, /NFUREL A SR AE —
B, RN AR RS E, M-CT &£
IR S5 v AR A 20 A 7K ™ U L OB IR3. 0 ho
AFSR MR A 62. 25 mmol, - Hy 77 A AR A
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20. 75 mmol/ (g « h) . J& K = R EME H g-Co N, 7
IKAARET, TiO, 5 g-C N, E4 G AR Z 9K AL IR S
1, LR TR K, IF B g-Cy Ny G KSB0RL 35 27 4h 3
e TiO, gikgEd, 5 TiO, A% %, A 76
BT 5 B AR Bt L M-CT S e i v

FE

B9 EAMBIRISLEL S BRAKH S &

2.4 FELANESH

LG ZE I A B, Y = R E M g-Co N i 3K
PRI 451 g-Ca N,/ TiO, SRS CHEAL i K 77
AIE PR & T HAR S A MR Kzl g-Cs N, il TiO,
GURAERD AT . —BOR UL, SR B FAD A
2 G H R A HOG AL TS M. A SO
PL ik RAE A i 7 2SR A 00, &5 5 0
Kl 10 frs. TiO,/g-CsNy 554l & s A iy 11 AU
FRF TS,  EAAUR PG RS TR, g G Ny &7 I
B IR 3] TiO, B4 L TiO, £
B Peddigk. 5 H.O & A8 i O = A |, 1
TiO, Ml E RG2S GRS 2 g-Co N, 44K
KL - SRR & A AR . MR 10 AT L
FH LML T U-CT fil T-CT, M-CT 1y 75¢ 634 &
SR K, I M-CT S otttk e 7
Fzs G A B 5 RS A0 R BE S SOk
M R 8O H BRI e RE Y 0

10 T-CT.U-CT #1 M-CT i PL

FIFAGS: g CoNy/TiO, SRREIAII R T4 BOLM K ™= A rEfE 761
3 & it

LA TiO, 44 5K 48 S 55 i 44 kL, il A W] /9
g-Cy Ny Fir 9K AACR IR 10k Al — 22 IR KA P 25 T
g-CN,/TiO, R4 Gk IR AR g-CN,
HIAR AT g-Co Ny /TiO, S B85 S 45 # AL AE AL
ORI SIS TERY R . S5 R R B R R AR AR
g CN, GRS 45 21 Y gCN, B A9k A,
TiO, GEARIELAFRGIN AR T TiO, KRk
5 g G Ny gk R HER i, e i RN A 30
TG T UM A SIS HERRAR. T =R
FUEAER g CN, BTSRRI, TiO, KRBTSR Z LR
L5H AR ME -GNy B KR BURLR 1 5] H 5% b 5
TiO, GARAESES L. XFhZ LR AEIR G HATBOR L
FEAR B BOE AR B T B MR RS RO i AL
KPR AR S IA 20. 75 mmol/(geh),
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BRI AT S B B W A 6 SR RO 2 R M Bk

BMEBR', KEL, KR
(LHFT 3 T X 5 M 5 5 R B A M $10018,2,% I 8 4 A AT RN 8] LTSS 322000)

H OE: AR % (QE W) O R B 6 47 246 ) IR B ISP AL, A4 QE B BUE R BLK 6 5
A, Ao %5 2k R) & QE/PAS FF3) e 2, R A dathwii. o éi%%@ﬁm X S AT A B oh o R B LS,
MRAS XA GEBHIR A F R LR E T E R, 2R AN.QEDAS LA, RN Y . 54
PAG6 5+ 9) A& 4T ARk, iR A BIF A B AP R BRI T QENZ G HELRBETHA — TR T K. 1243
HRAEEFZ AT, AR R E ; 5 R BUE PA6 4 4eAart, BUPL 4 4 09 B M AR A 4090 B 4942 7F; QE 4 69 e A f
13 QE/PAG6 17 41 2 45 5% & e 7 &, H b Rk 45 AR T 45 PAG 4 £ 64 3h KK 45 &, kK A 22 83 18] 2 30 min A, 46
PA6 37 2 B Btk PAG 515 22 65 3b A 45 2550 4 12.53%.10. 25% ; £ 9% ¥ # 220~330 nm B, 20l PA6 5% 7 4
Y i 3 SR 0 A B A 4 PAG SEF) S AR T 40% ~85 %, Btk PAG 3 ¢ i i UVA 3% £ (320~400 nm)
oy if i F AR sk PAG S AR T 20%~35%,

SRR ARG TP L ) AL 4 SR M AR R AROM 4 5 R S RO M AR

FES %S TB33 XERFRERD: A XEHS: 1673-3851 (2019) 11-0763-07

Preparation and properties of polyamide 6 fiber modified

by novel framework silicate
LAI Huiling' ,ZHANG Xuehua® ,ZHANG Shunhua'
(1.College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2.Yiwu Huading Nylon Co., Ltd., Yiwu 322000, China)

Abstract: In order to study the mechanical properties and UV resistance property of polyamide 6 fiber
modified by framework silicate (QE powder), QE powder modified polyamide 6 masterbatch was
prepared, and QE/PA6 side-by-side fiber was prepared by composite spinning method. SEM, yarn
strength tester, XRD, ultraviolet spectrophotometer and other instruments were used to test the surface
morphology, mechanical properties, crystallization properties, UV absorption properties and other
properties of the samples. The results showed that the QE powder was evenly distributed on the surface of
the fiber. Compared with the pure PA6 side-by-side composite fiber, the sample had good tensile strength.
After the addition of QE powder, rapid elastic deformation of the fiber declined to certain degree, but it
still remained at a high level. Besides, the rebound resilience remained basically unchanged. Compared with
unmodified PA6 fiber, the hygroscopic property of the modified fiber obviously improved. The addition of
QE powder made the QE/PA6 side-by-side fiber crystals more perfect, and its boiling water shrinkage rate
was lower than that of pure PA6 fiber. When the boiling water treatment time was 30 min, the boiling
water shrinkage of pure PA6 side-by-side fiber and modified PA6 side-by-side fiber were 12.53% and
10. 25%, respectively. At the wavelength of 220~330 nm, theultraviolet transmittance of the modified
PAG6 side-by-side fiber solution decreased by 40% ~85% , compared with the pure PA6 side-by-side fiber. The
ultraviolet transmittance of the modified PA6 side-by-side fiber solution in the UVA band (320~400 nm) was

Wk H#1:2019—01—14  MZE AR H . 2019—03—30
YEZ TN HEFL (1993— ) Lo VEPE RN AR L9 2k B2 2 T etk i TH AR 7w e .
SAEVEH  SKAE , E-mail ; zshhzj@ zstu. edu. cn
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20%~35% lower than that of the pure PA6 fiber.

Key words: framework silicate; side-by-side fiber; mechanical property; crystallization property;

boiling water shrinkage; UV absorption property
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B LT 2 PR L LA 8 B 5 B A T b 2 ol
i b AL 7R RV Tk S A T
RN VR R A G BT 42—, e 6 DL
R R PR R A [ S B R G SRR A A
2T AR KR s TE IR RS FH SRR A A A 1Y
A=Y, | 20 g LK, BT R R AL B 7 S R
( H MR 3R T ) L4802 2™ A AR
SFPE bR MO TR ) 22 A LRI N, BESR R T SR AP
AT 4055 3 B o B B 0 10 5 S 0 3 B2 R
1 o 75 AT BB & B kg . BT AR A SR Xt T 4%
SB35 Ak A2 K FH < | 7 I AR S5 1Y) T 5
SREREHN ., JEOFTE LI, DL E 7= KRR KA 2
B oh kL, Rk T A AR B QE B R
HA F R W AN TR MO A
SIS QE Bt B A T H R £ BERE (PET) 47
AU R R QE By A s T R R 4T 4
IR PERE . P T A4k br R R PR aE DL A b Ab
PEfiE. Bahng 457 fiff 5% 26 W, 7 25 U4 4k o om A
QE MK o AT DI it £F 2 19 25 $A4 S AR IR D g A0 T oAt
TE A YE LT . ARSCERH QE 8 ol R ke
6,15 QE HCt: R WM 6 &2 G484, IF 31 nl gt
PE G5 e KIS AR S S RE

1 SEIRERH

1.1 SRIEHR

PA6 YJ R £F e TG MY RGE 2.4, 7= 1l
I ETT QE 85 BiA% 900~1000 nm, 7= Hi ki,
1.2 QE/PA6 FH5IF4mH &

TR PA6 U1 7 Fil QE By R e — 22 L 1)
RAIFFRAHFE S 53] QE K sm 43 50h 20%
RS K. SRIGZ TSE-30 A RS ATHE HY L 1
15335 QE/PAG6 Bk,

KA Y2k, B Yive A — k%
QE/PA6 F1 51 21 4 , QE ¥ i35 il £ - 51 £F 4k (1) — 52
RO N 0 wt . 2 wtY, YiLLiRE K
250 °C, %5223~ 3950 m/min, & A 1. 14, 4
E B E A 150 °C B4 R 4500 m/min, %j%
TR

ali PA6 T F—~gal—its, .

SetE PAG il iR | R
— B H R — Lyl —AE - FHL5E—-FDY b,
1.3 QE/PAG B LT 4Ryt
1.3.1 ZF4EmEsi e

QE/PA6 £F4E 20 K Ve % 5 » Rk S [ Zeiss
N EIY Ultrab5 #8037 % O 9948 W S ol 3 WL 45¢
QE/PAG6 FHLF4Eny R IE S, I B &8 3 kV,
HCRAE K 1500 f75, K Leica DMLP B 6 i
AR ILEE QE/PAG6 21 4 (A8 11 AT 30 s il R A 4K
A 1000 4.
1.3.2  safd gt

K X2 2P i B AR A s bk e A i
2 JSRFEES A 250 mm, F A A 250 mm)/min, Fi
gk 514 0. 05 eN/dtex,
1. 3.3  QE/PAG6 F1-FZF 4 i) Fir A [l 53 ) 7

K XL-2 20 2 5 fif B S0 K 2 2k 49 [ 53 4
fe s R E 3.0%.5.0%.7. 0%, Je R iR
B8 250 mm, FEAEE A 250 mm/ min, TR T4
0. 05 cN/dtex, {E4iFiHTE] 4 30 s, BIEtE] A 90 s, I
A (D IHER R R E .

E./%="%100=£"%% w100 (1)
€

he! €3

b e AR B FRMEARE s cms ey HAREIR
(IR AR BT AR A s ems e R SV s e,
1.3.4  QE/PA6 H-H£F 4 i e 4 B il 2

KRR B 35 em BYLF4E 5 IR ARG
X LT Y it i S AR A5 B 75 47 4 R LT 4R
[RR 5 AR B % i NN G A B [ R e A A B
RIGEEAEK T, 4 3 min iCF— K CAT B,
1.3.5 QE/PAG6 JA 44 ny 45 it gl

XRD 73#r A LR e 55, K22 1 mm, SR TS
[ burker 2] (1) D8 5 X FFLEAT AL MR A Cu
B, FHETE R 5°~507, A EE 2°/min,

DSC 43 #r: 2% H % + Mettler-Toledo 2\ &) 1Y
DSC1 B 2R 3 A FRIRET 4E 2 5 mg TER S
SABER HEAT I, R R 10 °C/min, Y B VS
25~270 C,

1.3.6  QE/PAG6 F-51 21 4 iy Pl i M RE I <2
Wi GB/T 6505—2001¢ A B £T 4k K 22 Bl 46
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RGO T, WOk J 2k (0. 10£0. 01)
cN/dtex, 5§ 30 s J& » BEBURBE B W AT B Lo #5F
YA AR K rh 4 HIAREE 10,2030 min F140 min,
FEASSP AR 2 h, 76 20 RO 3R ok /K
PRSI Ly
1.3.7 QE/PAG6 FH-HILF 2 1 58 ARt E I 2
VLT AV e — o VR B VR AR R T R A H
A% Hitachi 23 @1 U-3900 BULAM G REHXHA R 1Y
SHNISCEREREF Tl UK [E] A 400~200 nm,

2 RS

2.1 FEHNRELRSHT
T RERORL (QE B3) 2 LIS R A I @K A

B YR R 2R Ay B R Al JBRE R TEELL K
THRAERRIR T 20 15 2 i ZE AR B R R A4 KL, B X
SR BEIE S M o v A H R TR TR M
AUCE AR BANE & A D S AT A R FH S
T B TRERRERE A AR . B 1 FR ok QE/PA6
AT 1(a) | (o) iR ol PA6 HF1 2
4, 1B 1(b) (D s A ektE PA6 IF5I £ 4, o Jf:
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I 1Ca) (D) AT AT, QE/PAG6 F-51 £F 4 v [a] 447 1]
i, 4 PA6 IF9I 2 4 R BOGHT . etk PAG J1512F
AR A SRR S QE Mok, B A 3457 4 i
VLT PA6 JF5£F4E s ) 71 48 QE #iscki. MKl 1
(o) (D ATMELH, IFHNLF Yt 2 BALA AR

B 1 QE/PA6 J19I£F4E K55

2.2 QE/PA6 FH5IFHH N HRES

2 1R QE B kB Inai 5 QE/PA6 Jf:
SIFHER F12AERE . R 1 AT, 7R Rl BE ) 25 22 42
TEEMET A QE B Z 5 . S 4EIW 24 K R
FIWT 2 L D)3 5. 4l PAG 5ok PAG6 %1 £F 4
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29. 1%.43. 5% A QE #3 2 J5 B LF4E () Wi 24 Lt Ty
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QE M mA$E R T PA6 HFILF AR FITE . AL
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2729 QE Btk PA6 AN LT 4 T2 5144 75
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£ 1 QE/PA6 FH 3 LF4Er0 114 6E
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766 TN A N NS D = S

e CHARBRA RO

2019 4F 45 41 %

2.3 QE/PAG6 £ 4t B3 14 BE 5> 47

£F- Yk ) [ 51 2 25 4 A A — 0 R B A g 2
JT, AR T 45 4 0 A8 TR 5268 T X 25 25 1Y i B
PE BT a8 RS RR e M T s PR BE RN
SPEREAT B 32 WA st (R A 1 i
AR R PEIEAS) FF R IE A2 RAE , TR IE A AL 4E
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JIN S BV S R SR )N 21 4 (1) ] b
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5.0%.7.0%, AFEEMKRN QE/PA6 H 51 £F 4k
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F 3 QE/PA6 3127 4k i W I e ith &
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TR« TR AUIR R E IR Eh A PR SR I 6 2T 4 1l 25 XMk fE 767

2.5 QE/PA6 5| F 4R R ERED T

PA6 FEAN A B FAL RS54 T 0T LUE K o SR ASAD
y i, QE/PA6 FEFNLF 4l XRD &R WK 4 s,
Bl AH,, Sl rhigs . & 4 ATHL QE/PAG6 J1:41
LTYELE 20 (50 21. /AT — AN EH SR v S,
QE B BN AR SR £ 2 1) S BRI 2544, ec b PAG I
G HERT ST 4 PA6 J151 22281, Ui QE #nf
PLiF K& PAG U AL LR E 31 v A AL,

K4 AR QE k& a QE/PA6 IFFILF4ERY XRD 1[4
K5 fras A AR QE K3 5 fE ) QE/PA6 351
LT el £ T R PR ET A R R LR S A AR
[l Mk PAG J e A e T L 28 PAG Y JREE . &
WIRAE PAG 45 2548 B O 5835 5 4l PA6 15 ki
PA6 JF- 51 £F 4 (1) 5 fil Bk 7393 9 Ol 67. 43, 69. 46
J/g. a5 X @O Hae %,

AH
Xo/ Y=ot

Lo o SHRIHRARLF 14) J5 8 43 88 wio s AH o Fm 3R

W4 TN 100 26 B A R EAKS . T /g5 AH L B
SV TECN ¢ BFIERLAS . ]/ g, TR B
6 285 B R 100 Vol mAKS(E ol 204. 8 J/g. X
()15 .4 PA6 & & IFFI 47 4 otk PA6 I3 £F
Yrgh S A 32.92%6.33. 9250, BRI PA6 Jf:
YT AL B 45 5 BE R T4l PA6 54 19 £ 4k, 135 W
QE M 7e48 fhad B P 8 T A A R .
2.6 QE/PA6 F 5l 41 4 gy UL 45 1 BE S AT

21 4 B IR AR S X 53 T8 2 A A B A 2k

T ARG IR T A [ A b 35 5] 2T 2 i3 7K U 4 5%
FIFH 3, 3 3 nl AL, MUt PAG6 F-51 41 4 1 1)
RIS KA T4l PA6 FFH£F 4, 5 5 SCEF 425 T
(A 45 AR AT » ELBE 2 A B B] 38 hn s PR L
T80 8 I 51 21 2 110 A A 4 23 359 2 Sl 140 i 1 K i i 34
=R SRR e

X 100 (2)

op o E

5 RIE QE B & ity QE/PA6 51 21 4k sl ih 2%
R 3 ANEFIIFLEERRLIERE TR

K gEER %
A [H] /min
FE
10 20 30 40

4l PA6 Jf-3) 44 11.72 12.41 12.53  12.59
B PE PA6 FA2F4E 9. 56 10. 17 10.25  10.30

2.7 QE/PA6 FH 5| 4R L IMERE 5 #

QE/PAG6 FF-5 £ 4 i35 W AE A W] I 4T 1Y 46 51
W PERE AN R 6 B s FE AR T 330 nm B, el
PA6 F- G121 ST WO SR AN (1) 35 1 R B IEF 4024,
M4 PA6 I8 2 AE AR KN 280 nm B X 524h
i i R IAF] 42.95%, Hod e K oA 220 ~
330 nmf, Bk PA6 JFH£F 4EFS IO 52 A1 i 1)
R4l PA6 HANLFLHERRAL T 4020~85%., Btk PA6
L e iiAE UVA 3 BE(320~400 nm) () 1K
g4l PA6 £F4EFRAR T 209 ~35%, kB ek Pk PAG6
LR YAl PA6 SR YEPT S MEREA B IR EETT

K6 QE/PA6 LF4EFEA[RPE T B SN E L F

3 & it

=A

SR T R AR PR AR IOV SR e 6 7l 25 7 2D
FNEFYE, FEXFLFHERYTE A 5 S Ik B Bl K Wi 32 I
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WL BT 2R A SR BE DR AT T R, R E A I 4 R
wrE

DA 2 wtV i QE By 3A R QE/PA6
FEHNLT 2 1y Wi i i S A LR 2 KR T
PEsm s 7 — B E b QE B i A IE AR &5
QE/PA6 F 51| 21 4 11y [m] 5544 58 s QE B 16 Jim A2 =
T PA6 ZF4E iR B .

b) QE ¥y A2 5% PA6 JE B A 5E 2 1) y
A A PAG I8 47 4k K W4 5/ T4 PA6
HHN T4, H Rt il /K b BRAS )RR , 51 27 4 1 i
KW RGBTV 2. 54l PA6 I
AL, v PAG I LF 4B S A BE AT — 2
FERE AR TE

S 30k -
(1) BHfEse, T, ARHEAE, S5 90K RO R BERL 6
LRUER ) w5 SO A PR RE TR ] ARG LR,

2015, 23(1). 6-8.

(2] WiEF, BRIEVL, MOUSHY, 55 BB ARIREERR EE i 3R
Pk 6 (ALt AT 28 1 B B I r A LT i VLB oK 2 2
], 2019, 41(2). 168-173.
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Wl S IF A LT #hRk e SR T, 2018, 47(6) . 7-9.

(6] pRiatn, Y101, B, A5, 780 et SR e i il 4 T Fo:
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Cu-MOF/PP/F 4 = /K RIE RIS #F B BY H & K H 1% 8E

B oFE, B OF, T OR

(HFzB I RFMFS 5 R FR AL 310018)

HOE: 2 1,2-Z R Tk AL A-TRE L BE R AR A R AT, IR M (PP) Ao 41 Y 0 20 R 09 S K ) AE SR AR R
JR BT A ok 4F Ce-MOF R A2 B A HAE R M AL /PP/ 4 4 A K R E R MA., A A X HE
AT AP RIEF T A A A A M BT RAE SRR T AR R PEREAR T ey ke . B REWN.
CuMOF £ & i 8 THuEMHe s F A m b, B 2K BORE . oMo b ig E i 2 Kk et A T
M, AP A3 A KR A T /£ 60 min M, 3R EA 5 mg/L 6B MEAE 7 05 £ REH] 9000, 2 5 KBIRG 0 F 1k &
14 60% vk B,

KEI : 2B A AR R A R R A G B R

FESES: 0643. 36 XHAREG: A XEHS: 1673-3851 (2019) 11-0769-07

Preparation and properties of Cu-MOF/PP/cellulose spunlaced nonwovens
ZHENG Yang, SUN Hui, YU Bin
(College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310081, China)

Abstract; Cu-MOF/PP/cellulose spunlaced nonwovens were synthesized with the solvothermal
method by using 1, 2-dibromoethane, 4, 4-bipyridine and copper acetate as raw materials and the double
spunlaced nonwoven composed of polypropylene (PP) layer and cellulose layer as substrates. The
morphology and structure of the Cu-MOF/PP/cellulose composite were characterized by scanning electron
microscopy, X-ray diffraction, infrared spectroscopy, and so on. Then the removal ability of the composite
for acid orange 7 in aqueous solution was studied. The results showed that the Cu-MOF was mainly loaded
on the cellulose surface of the nonwoven material, and presented the flower shape. After the modification,
the tensile strength and elongation at break of the composites decreased slightly, while its tensile modulus
remained unchanged. Within 60 minutes, the removal rate of the composite for aid orange 7 with
concentration of 5 mg/L reached 90%. After five cycles, the removal rate of the composite was still over
60%%.

Key words: metal organic framework material; nonwoven material; solvothermal method; dye

removal

0 3 = SELYE TR RN 2 PR TR L4 01 5 1 0 A
= TEHERE ) BIR TRGE M4 . th T A

SR AHURESATEH (Metal organic framework. 48 85 7k Wi WU HUE ZBEME . MOF BHE 4
MOF) J&—Flih 2 B 85 TR A UL [ PERAYZMEA . U 4 8 R R R B BA S

ks H: :2019—03—01 2 H 3. 2019—04—01

BATH WA ARFHEEEEGTUH (LY19E030011) ; [EIK A AR AT H (51203141 ; WiVl A4 A 5 B AR R HBF YT H (2017C33077)
TEFRAA A WA993— OB WL E M A5 AR , 3222 N FE ARG A Ak ek 77 T Ao
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BRERZE RS RRRR AR Hih AR A HLHE
2t kL (Co-MOF) J& F 8 598 & i il 45 i — Fif
MOF #8k 458 7T 2 6.

AR B T A AR W & e, R 2 A BRI PR
IKHEBCR A SIS M@ RS B T EfaF . %
JEE] Cu-MOF LW BRI Ak 77 18 A O8  k fe , — 2t
ER T AR A HLY R S BRIFSE . I, 22
PRAEDT LIRS TRAR A 2, 6-— (4R L) -4- (=5 &
B e R R R 45 Cu-MOF, 200K & B, %
MOF Xf BH 2 F #6 21 5GN % b} il 0 [} 2 7] 35
98. 8%0 s FEE A LN e 3 = L IR AL B oM AR AR
il T 2 4L Cu-MOF, X Fhb L% 45 i 2 4 kY
Bk 94. 620 ; Han 250 3@ i K Gk AL T —
Filt Cu, (2,2'-bipy), (pfbz), , iF5E & B, 75 H, O, §
FEMIZRMET 23X A MOF #RHE 15 min % B JE4E
(5B %H 85% ., AL, Cu-MOF #BHE FH T 415
YesR AR MUY R 28577 T B T 8P AR

SR T MOF 440 — M #0852 IR AR, 3
S EANIHE TR /K AL B [T R X o 7 28 7 L
A — ARSI T — sy BEAR ) R D Ty
o ARGUE MR R SR, HEAT R0 1%
PERE . B mE e R U8 L b B A i A,
Liu 2 B PDA %} PP A{E 2155 b R 08 7 25 1w 1844
W R KR R R 4 . DRI, AT DA I 2 s A )
1 MOF R 2R 10 2 Tk, XAHLI T EH
TR R T D B AL o , B LN FEYE L A A
F MOF R R, — 223 78 3 7 T A T A
FERIEETT : Lee 515 R F R T UURL L 7 S T s £F 4
FIHE 55 4 Jm AW . DT 76 JE S5k M L 2R 1fT B
UiO-66-NH. , 1] Fj F 2% Bk 7K & o 19 XF 42 # 5 Lu
S Ry 2245 B A TR 0 SR TN AR G 2T 4 T
I RIS Ze-MOF 8800 4 1, TAb 3
ZSAPIE . SR XL ARk, T3
MOF #RME 2 & 44 8 7 IE /Y . K Cu-MOF £
[ 72 B LU AR TR AR BRI A e 5 42

ARSCPA 1, 2- IR CBERN 4, 4-TR ML IE Sy T 4, i
FRAAVE ] 4 8 B8 VR, i o JEAv 2R K 1 05 Sl Cu-
MOF 1138 5] PP/£F 4 2 X2 7K fil 9E 218 44 k) L.
IEER B BT X BT ST LA R AR
TEAMERIESREE R, T Re i il 7 5
SEPERE  IERTH KA W P R MRS 7 YRk L BRTE
HAT TG . ACHAFFE R Cu-MOF 1 1] i F)
FHAHE G AR s AL D) BE AR 5T 4 T L

1 SKIEERS

#RFnIR 7
PP/£F 4 Z /K R AE LU A ke 70 g/m” At
WARARGT AT BRA FIA ) 51, 2- IR LK (9806, %2
TEARA T 34, 4-BRMEIE (98 %0, FIEERTRL T2 7)) 5 KL
K (30 %0, UL T s BRYERE 7 (AR BTRL T ; 2,
fist N, N-Z L R e L S04l CAR S 22 a0 5 4
LR TCKBE R (98 %6 . 2 5 M0 .

1.2 #HI&FHE

1.2.1 PP/AHEZIKAIARSE bk} Ttk 28

TR Cu-MOF By A4 B, Sexd R 41 41
RIEATIR W 3 b b 31, 1 e AR EL 10. 00 ¢ &R
AT 90 mL 25 B FoKH, e R B 50
1070 BRI . BRI P i A2 2. 50 g Y PP/£F 4%
AHEAES UM R 7R E R T RE 5 min, SREFHIIA
TR 9. 45 g, 78 70 “CHERAEFM T R 3 h, i
Je AR 2N AR SUE BB I R VA W RS s FHE RS
B TRV 3 K, BT 60 CHUFEHHET.
L2.2 HAEWERE&E

K1 RS G AR A AR s R . FREC4 4+
BENERE 7. 80 g, ¥ f#T 100 mL {1 N, N-— HI 3L HI ik
e (DME) , Fm W b m 1, 2221 & ke
5 mL WPEA) . KRGV IRAE 70 °C YR B &
AN 24 h, iR JE A5 K G TE 5
DMF 1 ik 6 4 3 ¥, 14 BV AT A5 2145 PILBC AR
bis-PyEtBr,

A3 HL 50 mL {4 25 B F/K B /K L BE A DME
REHEIE TR BN 0. 38 g BEFRAIAN 1. 14 g
BOAA PibE 2 50 I R 5 e i 2 = IR, %
R IMAALL S ) PP/ -4 Z AR 4L MR 1. 00 g,
TE 130 ‘CE&AFF N 3 ho X5 ASRR AR =R, ¥
FRE ) P= 843 3 FH 25 B T 7K R B 4% 3 WK B
2 hJa e E A AR T 45 8] Co-MOF/PP/ 214
FKHHE S AL
1.3 UE5EE

KA E Carl Zeiss AG 7] ULTRASS Al
SHF E B K Cu-MOF/PP/ 4T 4k % /K il 9 41
WEMEHIE S . SR Bruker D8 #-5-1) X B4 F
SHE XRD# ] Cu Ka H12EL HUE 40 KV, L
40 mA, FHFHEE 20°/min, FREFEH 0~70°, R
FH 25 [E #4i /A 1] Nicolet 5700 %12 FTIR #E474T
AT 3BT T FEL A 500 ~ 4500 em ', SR
METASH 723 f] f#) UV-8000 78 4h-1] I, 6435656

1.1
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KB A Co-MOF/PP/S 42K RAES s bR I ] 25 S LR RE 771

K1 Earreg s &

A YA (9 W S B A Ak A 2L A i TR
1.0 cm X 1. O cm, BRPERE 7 W H 25 mL. R fE
IRIGHLN; Cu-MOF/ PP/ 4T 4 Z 7K ) 3 211 41 R
fPERE AT A T AR SUE MR BT AL 1.5 em X
12.0 em K45, JEE R 2.5 mm, $L{H 85 R Ny
5.0 mm/s, B IAFEE R 3 BRI,

2 HR5ITiE

2.1 EEMENEIERES T

B2 S AR 21 AR L & 2 A R B SEM
K., dE 205K 2(0) K 2(b) 5E 2(DME I
BATLLE I 2 Mtk 2 )5, PP/ 4 R oK fildE S v
MBI B A BRI & X R W] Cu-MOF i@ i Ji
PR R R R 2 B ARG AR . X LA
2()FIE 2(e) A LG Y, Ce-MOF A fELT 4 %
KHEAERK. MEEELZ, SRR, XRRNFYER
T I LT R AL 5 X Cu B 7 HA 0
IR EE T i MOF @Ry A K44 T — Ao 45
1M PP 1 LG H , Ca-MOF #5425 76 22 1 ,
PR SRS /N, [/ 2 Ce) STieR 8000 1% ) By £F
A R)JZRME, ol LUA B g B R SE Mok By Co-
MOF G & M FE RS, 1 HLFLIE 5 R B 5.
2.2 E5#EE XRD EESHr

Bl 3 R =Fem e 4E = iy XRD B3k, 725
AR XRD %[5, F 10..8°,15. 8°,16. 1° &2 47
HUEE Cu-MOF J54F 06, 45 51 %t 137 H: (110) L (200) .
(020) T8 7 38.0°, 44. 5°4b f 17 5 1 5 Cu-
MOF AT 7 5 X 36 ] Cu-MOF B2 Hh £ % T
BAEMERZRE, FARZEMEE 15°~23° 4
TE— R YN B0, A AR R AEE T T2 5 0k
R o 3 6 AR A U 1 T FR B d /)N L X = TR Cue
MOF 7341 TE£F 4E 5 310, i R R

2.3 EEEIILINLIE S

&l 4 j& Cu-MOF, JF AU AR KR A AR
LIAMEIERE . Ca-MOF 7£ 3000 em ' fRIEA FH LA
FH SR AR iR B, 76 1500~1600 em ' (4R g 3=
BLE C— N BRI Ak E PR A 4 3 05, 1200~ 1400 em !
F14) i Sy FEY 6 R0 HE 5 1 257 gt R Bl e L T AE 700 ~
800 cm ! I SE Cu—N B4R sh , v LA R Be AR A
Cu it Cu—N#IEXAHZE, SR AELUE R
A S A RHE 800 em ' 2245 L T B I, Ny
Cu—N EEIG, 3X R B, 2 A0 31 AE S0 M R &
A H 7 4% 7 Cu-MOF., i #E 1200 cm ' 4k, B
ST R 1 06 TR RRURK /1N 2 PR Ol 1 4 3R I
Cu-MOF , ffi 38 BEREAIS .
2.4 EEMEMAFELEES T

# 1 AR EM B S A A B R PR BE XS
oo B TXFARSUE AORBHEA T 7 8002 6 i 22 1T — )
PN A0 B, P BE s S BOH Ty 245 B T B AL,
TG WG BB T 2= v el ik, Of 5 54k
LUE MRS XS . MR 1 W15, | PP/4F4E R K
A LU B R A 1) RN ) P A iR B2 3 30 249y 4. 6
MPa i1 5.9 MPa, £t & & J5 , Ce-MOF/PP/ 2
A ZKRHELUE A R PR B RS AT TR . X
RAERI A MR, AR S A BHE A AL ) i
T AR A ) 2 0 1 L B AR BT B T L e i A Al
AT YR 20 FERRAIR S BOHRL A B AR
BEAb  BRIFAE S AR L &5 4R B 244 %R
MR ARA B A, X FZEZEE N, Ci-MOF
SR R AR R T A BB AR R L H R
Sk AR R D Re A, I AR 2GR A E R . fR
R R AT LUE . IR AR 8UE MOk AL, & Cu-
MOF Fifi 25 . 5 A PBHA R 58 B2 i A%,
{HHELES 122 R IR W B R .
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3 Cu-MOF. JHRHUE R R K G F R
T 4R Y XRD [

B4 CuMOF. GRS BRI B A bR ZTS M ]
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A Ca-MOF/PP/2F 42 /K RIAESUE OB ] 25 K A RE 773

®1 FFASHHSESMAM BRI RIEREXTLL

e FLisE 1/ MPa W R KR/ 0 it /MPa
) 20 Yl ) A
JEARL 3R R 4.6+0.2 5.9£0.3 22.140.2 32.840.2 42.744.3 49.943.5
R 4.140.2 5.240.4 20.240.3 32.140.4 40.747.0 A7.745.6

2.5 EAMHXERIEE 7 ZRMNERIEEFAR
2.5. 1 AFIEX ARSI R RORE L BRTERERY
LAl

K5 g A S8R B 10l UK I,
5 mg/ LIRVERE 7 W3 W6 B2 B P[] rr) 22 1k i 2
A LLE L AEXEOK O HE B T S AR BRI 7
UL BAT EOR A9 R BREE ST IR O RE B 2 TR
HAR AR AE 0, U0 I R VR4S 7 9025 BR ity HU AR
TS  JCHAB R 7= 0 2R 1

Bl 5 BRPER 7 WO BT 1A s £k

Bl 6 WK, Z A MR G AR R VR
IKXFERYERE 7 (BRI . il S MR TS 7 1
W5 mg/L s BUE/K Ry 10 pl, HIE 6 AJ LIE
W BREAE LU BRI T SRR S L I R B
A GRE L BRASCR L 32 PR A AR 8L AR EAS 55 30
UK B A VL s WA AE W R YL R T o T A4 K
SR AR — A AR T E >, gk
IR 2 s Ca-MOF /PP / £ 4 2 /K 3l A 21 1 #4 )
RE Al AR AR 7 U B s /N T B BRI X 2 fh T 10
BT AELUERRI R 19 MOF J2& 21U 0 %}, B 0% fh
—E MYk} Ml Cu-MOF/ PP/ 274k /K fil A2 41k
IIBUEUK G » GURHRHe FE DU AR 7E 30 min YR
PERE 7 B REE] 90% LA b, X & H O~ MOF
g5 A K BN, AR R O 3L B R T K
Fenton & &2, F& B o 1 fE AL B M B 1. X
UL, R HE U MR B S . Cu-MOF {7598 - R
THRAF T M AR A% T JE S AR — R Y Gk

B 6 WERIKZ AR R Z G Rk UK Y

2.5.2  BUAUKESINE R S AR RGOk BRPERERY

A
L7 R RUE KA It T RR MRS 7 M Ab ik
RIFZA SR BB I 439 10,1520 pL 1
30 pl BRMERE 7 MR EE A 10 mg/ L. BEAE AU
IKIER IR I ONTF 30 pl), Jeh K BREUR A
BEA, BIS b BEE BUEUK G BE RS N, Ykt
Wef A R L R B T R B T AR S AR
i1 1Y) MOTF 0z A R ZEARTR] R E] 4 L f82: 5 Fenton
IO Y AR 7 2 — R B 1 TR J3E A B SEK L B S 31
A B WY SEACNE T - B 303 i R SRR T LA R fie
FRILBA BB T AR T 5 24 B K B9 38 - 2ot e I
CRT 30 pl) BUEEUK 2 5 E 3L At 5L S, 2B i)
AP SEACTE PR B A A b, TR 4R A
Sxifb— 0 5 R R BRSO AR AR AORIK BT
B AR R . H RN R (D A (2)
«OH + H,0,~ H,0 + HO,* (D
-OH + HO,+ - H,0 + O, (2)

7 AR BUAE K TSI X A T 5 4 52 1)
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2.5.3  YURHK BT A bHR R SR PERE (0 B0

(&1 8 SR AN b B2 X A A SR A 52l IR 1
& 7 FIHe S 94 5.10.15.20 mg/L i1 30 mg/L, &
HIBEK s in A 10 pL. AT LLE S 7 BUE K
It — & i), Ca-MOF /PP/ 27 4t 2 4 413 b1 L X
TG R B R YRR 7 VA WRATY SRR T AR 1Y) o fi
AEJ1.#E 1 h N KBRBIIRE] T 800 I, Rl Y
BHE I B TE, RBRRTE R YRk B R 3 30
mg/ L B, R i 8 % 28R B X2 K MOF
R 1 Z gkt ¥ FERIEE KT S5 Z
Fefih, XEFFE R MOF & A T W B AE . T g
BT R BRI R R

P8 AT sk o i (L 4 ) 2 )

2.5.4  HEHEMEH RS R

K9 ko AH IR B Cu-MOF/PP/4F 4 &
AR S AL G 25 B 38 10 52 1, 28 1) UL ZK 1Y
WA 10 pL, FRYERS 7 B9 E R 5 mg/L., TEH
MR I W 2 A MRS s G B RN 258 oK
PR ARG R T RS AR T, 60 CHET 8 h, 1R
YOBFSIES 5 K, SRR TETERS 5 UE Cu-MOF/
PP/ £ 422 7K fil A 2L b BTG 8 248 Gy ek L BR 2K
BL7E 1 h W ZBR%E R 61%, Ca-MOF (1) £ 3% H
A—E WA, BE R B E n, LR A —
FEBEAR X AT BRSO Z Rl IS - A B 2 MOF Jid
7 VA KR B T MOF 2210, SEERERET .

3 & it

RS A A K Cu-MOF 3% F PP/
L ZOKRAELUE AR b AU T ARG A R
M LBEAL . I 58 1 1 FH Y R [R) P  RE A B2 ) [ml e
MOF 8} SZEF0RHE B Gt 25 BRPERE A R 4F
93 LR 72 E IR A LR T A — 2 (9 B
TS, FEABWT

59 Cu-MOF/PP/ 44t 2 /K | AE 43 b4 R 7T 8 52 1%

a) SEM ., XRD, 21 4} [ i 55 25 S 3R B . Cu-MOF
DIAES ARG 1l D) 1 170 28 T AR SUE Mok i L
HEZ5 M TR,

b) Pl 2 2% B L BR AR 43S B R AR 3L, A
1) Cu-MOF /PP /£ 4k 22 7K Hill HE 238 B BT PR R 428
U0 1R Pl (Y HLARER T 5. 2 MPa,

O Gt L EriiKE W], Cu-MOF/PP/£F- 4k 2 7K
FHEZUE AR KBS TR h IR A 7 BT A Ao i
TRREARRE ST o BB AR KR o 1) T o2 A A o fie
RS AR 5 AR 5 B JYRh ik B2 1 T A AL
HRREAR, Sl B SRR E N 10 L BUEUK S R
PERE 7 WeBE T 5 mg/L, 78 5 AW G IRTER 7 1)
EBRFLFFAE 6070 LA L,

S 30k
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KB R ARG Rl 4 45 48 BE R B  B LR AR i L3R A
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Preparation and biological properties of Strontium hydroxyapatite
@Chitosan-PEO @ Gelatin composite scaffold

LIU Leyun®, FENG Shizuan*, WANG Naiyan®, ZHENG Yingying®
(a. School of Sciences; b. College of Materials and Textiles,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to simulate the composition of natural bone and further improve the biological
activity of the materials, hydroxyapatite(@ chitosan(@ gelatin composite scaffolds and strontium apatite(@
chitosan(@gelatin composite scaffolds were prepared and the biological properties of the two materials were
then characterized, Chitosan @ gelatin fibers with core-shell structure were prepared through coaxial
electrospinning. Meanwhile, hydroxyapatite or Strontium apatite particles were deposited on the surface of
chitosan @ gelatin fibers by chemical deposit method. The results showed that after the deposition of
strontium apatite on the surface of chitosan(@gelatin fibers, the scaffolds could still maintain the network
structure in favor of cell growth. Cytotoxicity test and proliferation test indicated that the survival rate of
MG-63 cells on the scaffold exceeded 70%. Compared with HAP@CS@GEL composite scaffolds, STHAP
@CS@GEL composite scaffolds had higher cell survival rate, indicating that the materials can promote cell
growth and activity. Therefore, the SrHAP @ CS @ GEL composite scaffolds have good promising
application in bone tissue engineering.

Key words: chitosan; gelatin; coaxial electrospinning; Strontium apatite; bone tissue engineering; cell

culturel
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0 31 &

AR N A B A A B 2R
Jr B R R k2 — L TR RE A R R
S P ) SRS A3 R VR AT L e S A e A0 T 1
(AR A5 00T A58 A4 R B B () L 2% A R AE U R
aiElzs) SR BpE (Chitosan, CS) M H FE R RTAEY) .
HA YR fRE S A T PR
PRI 11 A A Pk e R A Rk B A A S
PEfE. 7o RMEEA I BH A i v BT, AT 25 PR A 25 T
TCIE AT vo 08 ) i i el 207 2270 (LK 5 SR Vs i
TE =R OTRECE SR B0 A=A 97 22 P g R 4
MERREY WRIIMEELBRILREY
(PLGAY™ IR LIt (PEO) ™ #) W i #) 48, AT i
TR T 5 . PR L 2 22 5 T TR L e SR
W =2 2 S5 A RS S A A AR K S I I, e —
RS 35 FH T A 2T RR A I A A A AL B
S ] Rl B A 5 CS-PEO@GEL 4K 474, 1%
MR B S A B CS AR R5T)2 . WA SR
PR TR LA S A RSB B DR .

FREEWE KA 5 RIR B A AR L, B B AR
YA 25 M AR S BT N T R
Jr SRR IR S IR A SRR £ 0 A R
RN TZ ST R T i R B K A AN A SR
B R A A T ELA R T B S A
BEANAAES, Fe BRI 0 KA 5 KR A
HUABFNICAILAR B3 AR AL o PR G 7 2 465 B T AR A 2 A
MORHELA B80T 1 N B (. 7R A AR
BHRGIA Cu®  Zn*" (Mg il Sr* 45 4 8 & 1 LA
AR A P A S AT LG A R AR ) T BT
M ( Mesenchymal stem cell, MSCs) 4 1% ‘B 7
5O AR T 4 TR R B (S B T RE
B hETE I BT 5 W AR i MSCs 19 i I
WEL BT RBE 15 240 B P 386 B, A2 18 SR L rp 32 31 iz
gl EAARRE(SIR) 2 —F & A Sr 25y .l
b 1R A A B A B B A 7 R B i =
BRI, DR A A DU A 6 9 K £ e 3%
TR AR R FEml I A 1) 7 vk R DURR R K A, T LA ikt
B Sr IAZIERER . HEH S BT Ca™ g
KEF AR T2 DU B K A B Tz v (B
HISe. BRI, HATHE SRR 70 RO 45 A i R BN B
J 3 A R

W e e R I S R FR B R AR T
PR AR & W B AT B — i 28 A0 30 - H e

RAFIRIT I % )T 5 J2 A A B 5T 1 — ke ik 285
Hay o A AR T ) B B PR A A L B e AR A AR
AEPER L RV 25K B B 1 58 OB R R v v A
TR BRI L i i Mk LA 25 22 . i ad Al o DURR i
TEA R T TR SRl I A UKL BE— 20 4 w8 A= 1 1%
PG DIBUR BB KA O L 5 Ca M HE . R 0E
JRATHY St T L — B ik AR i A A

AR I T R [ Al i FRL 277 22 B R ) 52 TR
AN LI @WK 21 4k, i 53 A" E TR I 7 ¥
il #5 B A @ 7 AR AL LA @ W R 5 N
KAAEL FE TR K @ 52 - R AL L0
@AY HE A 05 1

1 SKIEERS

1.1 SLIEfHH

ST (CS, [ ZEEE 95 % LA L Bards T35 |
WS (GEL, Type 1 43874k, Brf T3 R AL
LI (PEO, 3538k 3X 107, ffhir T 50D %
TECGAL50 %6 A A4l BTRL TR D L JEoK LB ()
Mrali, Bl T30 L UK R (Ac, 43T 4l AT =5 Ay
K anAk T A BRA D oK S AkAS (CaCly » 23T 46, Bt
P f R A e T A BR A R L oK B &
(Na, HPO, , 43 # 481, Kigt iR BRIk 27 R0 A7 FR 2
A AEERER (St (NO3) . » 84l il — b2 i)
AR FED R 2% v i (PBS, HyClone) . A i
PRJEE A L (MG-63, hRLBE 4R A  o- MEM
FRHE (R 58 = RAEYFEARBETE I 10 % 19/ 4
M3 (3 = RAEYIH AR .
1.2 ERE-BEUZE/HARZETENHE
1.2.1 G2zl s

FREL 0. 60 g M5 MR A B M A F] 20 mL
TRFLEL A 20 %6 1) DK I R 75 v - 10 11 28 50 S ik
B 0. 15 g REM LM A IMA LR 172 Rk 2 1R
VWb P AR 0 AR R R R 2 22 1 AR Y
22, B 6. 15 g MIBHROB R B A S 20 mL
J& k1 20 Y6 (R DK R /K VAW, 60 CK TR IERE & 58 4
Vst , e B R Rl P 5 2 AR R 5 22 W
1.2.2 [FfhErmE Y5220 F2

¥EHE 18G (0. 90 mm) Fl 23G(0. 33 mm) W Fj
S Sk B ETE S (YT 22 WGE T 20 mL Y
TS 285 RV Sk 1 AT 5535 (A2 Y5 22 )
s BE 43 0.5 mL/h #1 0.3 mL/h); f{—)Z
0. 50 mm JE [R50 96 40K 7R T W 4R 8 o0 L R i R
e (U AR 5 AR Sk T um 2 ) R B R
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15.00 cm), Zhzzadferp &3k magk 22 kV (1 k.,
REWCEARLL 800 r/min B FEICAEM M, ER T H
205, TH AR PR AE 4000, FRIR YT 98 )5 - IR
AR AR L AR TR HOi T TR A v 28 R
FREA I SRR, THRIRE R 80 C. W TR )5 1
FAEMEHRITR 1 cm X1 em B R/ BT 4%
% T BRSPS 12 h, A BEJE AR R T 4

.
1.3 HENRREHKOQEREE-RENLZHEQ
FRB 2R K £F 4

2T R Bl I A @ 7 R - R AL O @
WA K 7 4 1) 57 12: 2 7% SCRRL37 ] BARGNT < 43531
Beii 200 mL ¥RBEEA 0. 5 mol/mL i G445 %5 W Fn
0. 3 mol/mL HYREIR H ANV, T HE 50 5 25 H 5
AR5 1 70 RME- R Ak 20 @ B e RS, T A SR
A IR 10 min J5HUR s OA 200 mL 925
B K P EE 5 min, JERRMERM Ca® B 7
PR AR IR S ANV W PR 6 10 min JHUH
B 200 mL (B F/K L 5 min, PRI Z
R BIVTAR S8 i, 2K IR AL ES 7K 5 e Al
BERR S AN /K Y pH H R 10, FJE/K C Bk
R KA @57 RWE-RE Ak & 1 @ W I i 3R
2R LB T K IR I8 KA @Fe R R A
b2 H @ g (HAP@CS-PEO@ GEL) 44 K £F 4 ik
AV R TP T4 6 h,
1.4 ENREHKOQEREE RELZHE@MH

B4 K 41 4

Be i 200 mL 0.5 mol/mL [ fi§ iR 58 ¥ W Fi
0. 3 mol/mL PYBERR & NI W, ¥ 22 HK Je 1Y 72 3R
- 2R A A 05 (@ T g vk FEEAR YR B0 T T2 L R R
R A b IR RS 13 iy iE A S
PR A A R BEUK W D, PR M AE R IR A —
D s SR R KA @St B R A O E @
e (StHAP@CS-PEO@GEL) 4 K £F 4t jilt AV ¥k
THEALH T4 6 h,
1.5 #RRAE

A WKL AR OIS #4 R Rl e 7 i
4% (SEM, H 3728 ), S-4800, Jin# H e 2h 10 kV)
% 5 f F B sE (TEM, H A+ /2 al. JEM-
2011, finsd i oA 200 kV) FEFT A 5 18 33 A (0 1L
Y61 B (EDS, ¥t E Oxford Instruments 2 &),
INCA) XA Ak FR 101 DX IR 7 B 73 5347 s R X BT 4k
9L (XRD, D8 Discover, {8 Bruker 2> 7)) 5%
RIS LS S AT A9 TE I 20=10°~80°, 25K

0.02°, AR 3 T 5 A1 K 43 4546 38 1 {9 57,
2T AMEIEAY (FTIR, 36 [ #4227 » Nicolet 5700)
A, Horp AL P HEA IR A R, Y6 FEl 4000 ~
600 em ', A3 EEE 0.09 em ', SR HCER 4 B AL
(TGA, 2 PerkinElmer 22 5], PYRIS 1) %4 444
KL B 53 B IAFR 8 M HE AT 4 A, T I R
10 °C /min, FHEFEFI R 20~700 C,
1.6 RS
1.6.1 A aETEI

R T RUE R A AR ZF A A R 20 A 25
FHAZATBHE SO0 A M A7 35 57 - A7 40 A 25 1 52
5, HARSZE AR - L RE S 48 7000 L KR
WK F G - TG PBS Wik, T8 e T 441 T F
FER RS BN FLACT A MEM 5 35 5432 90 JF ik 4
BRI e 2 Ry 5 X 10" A/ mLL 1) MG-63 4l g 2=
WHERDTE 96 FLAH (4L 100 L 40 MOS80 L A
5% CO, MRFFRF N - 7E 37 CTHFR 12 h; fR40 i
VR 5 o W HB FLAR T B 35 F2 W R INAC 100 pl 132
PRIRAESE A Ak L85 5% 24 h A1 48 h, X HEZ R
P AT I SR B G 5% 24 hFN 48 h, 28 A2
kiR, BAFERA 5 MPATER . TS TE
A LA i CCK-8 5 G i A7 Al im A CCK-8 ik
F 1 h 5 BRSO 5 490 nm KT 40 FLak
AL e SR A A . T B XL 48 i AE
BRI A ARG B0, ol 5 2 2 3R RN AL Ak ni e 7
SEY AT A0 B AT SE A0 M S e g L f O I
R DI CH AR AR B A W], FV1000-1X81) Wi
SR G A1 100
1.6.2 4 gL

5 200 e 7 P 0 S s A RIS M e R T i —
A S UE AL 4 M ) BE AR 2 DI BE A MG-63 2t Jifd
PERPFERE S L IERIRE IR 1.3.5 d AN 7 d Je R 40
MIAFIE RS B AR KA . AR FH B H 2 B iR i
12 h KGR BRI AE R 3756 15 min {ff
VR S s IS 8 5 088 R TS P A R CA
A8 FUAR P B IR ML (MG-63) LA 1X10° 4~/mL [
20 it 25 B 42 PP AE 48 FLAR P CREAS LR 250 pL 40
B0 AN 5% CO, MR FRFNTE 37 CT
B3 1.3.5 d M7 A58 2.4 dF1 6 d el — R AR
UEAN A K T 2008 57 [R) B ARG A A2 e 4 52
5, X AR K A0 A IE F R R A R 1.3.5 d
7 d s RS . R 5 A PATEE
YA, ANATEE T DA SR 1.3.5 d M7 d R
Wit CCK-8 i & AT R I . 4N M /e S22 0 8L I
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AT AN A AR S AT LAE o 419 e B A T LR . 7
EEWRAHEIM B EIGFR 1.3.5 d M 7 d Ry
AN 2. 500 I —E [ 5E 20 min, B 7K b B
JE AV AR T HERL T8 6 b BG4 1 2
BT IR

2 #ER51TR

2.1 HREIMOIME ST

B 1t a—e 4032 PEO,GEL,CS, HAP@
CSPEO@ GEL 44 >k £F 4 it StTHAP @ CS-PEO@
GEL 94K 47 4k i (b 20 A 563 5. 8 HAP@
CSPEO@ GEL 44 >k £F 4t i1 StTHAP @ CS-PEO@
GEL 9K 4 i 6% K L #F 3300~3500 em ' 4b i
P—ATEEE IZW I8 T O— H g ik shive, &
FERNES WA I W51 S B 78 1638 cm !
Ab R RSO SR R T (C= O iR sh g, oy
CSFRIENE . 7F 1537 cm ' Ab H 3014 IR s 06 Ay Tk g
7 (N — H) fif 45 42 3l W, o GEL $RAE 0, #£
1300~1400 cm " (A5 v Ak H 30— A 1 i
I, 2 CS-PEO@GEL 9K £f- 4k 5 GA 3B =
A TR e (— C=NH —) Wl sl =™ . 7 1038
em ARAHR I 2 P— O 45 IR sh 51, BLIA A
SR P—O 4L Ik HAP@CS-PEO@GEL
AR 4E il STHAP @ CS-PEO @ GEL 44 K 21 4
RAEAEE HAP R A STHAP §5ik .

a.PEO;b.GEL;c.CS; d. HAP@CS-PEO@GEL;
e.STHAP@CS-PEO@GEL

B 1 S A o i 2T A1 TR
F I /B HAP@CS-PEO@ GEL 44k
F4:F ST HAP@ CS-PEO @ GEL 44 >k 2T 4 1) 20 Ji%,
FAANVERE AT RAE, 25 R K 2 R, Bl 2 Hiy
a—e 4354 PEO.CS.GEL.HAP@CS-PEO@GEL
Yk a4 F1 StHAP@CS-PEO@ GEL 44 K £- 4k iy
HEdhgk. | 2 mlHL PEO,CS #1 GEL 7& 167,

245 °CHN 260 °C o nll ik BN 4R o3, 3
600 ‘CIAMEse e, K 2 v dFM,40~120 C
iF, 2 11,6 %0, HF AT e R 25 [ FzK DA R&S
KFEY5120~506 CH, R E 53. 3%, i F7E MR
£ X 6] , PEO.CS.GEL %¢J5 25 8 3 1fij 506~700 “CH,
Bk T, 7R B8 35. 10 MY i i o HAP ki ; HAP
@CS-PEO@GEL g4k e 4k p &4 11. 6% By K.,
53. 3% AN 35. 1% HAP, [ 2 e i
B1,40~120 ‘CHF 2 &YKL M RLR 2 B HKF
SERK S FE9. 8K 120~523 ‘CIX (], (T
PEO.CS.GEL %5/ it S 304 & 60. 1% ;523 ~
700 °CIX[H], {1 4 ~F-F2 . 5% B 19 StHAP ks it &4
30.1%., 5 HAP@CS-PEO@GEL 44K £F 4 4H It ,
StHAP@ CS-PEO @ GEL 4 K £F 4 vh & A5 5 2 1
AL R TEHLEE o

a.PEO; b.CS;c.GEL; d. HAP@CS-PEO@GEL;
e.STHAP@CS-PEO@GEL
B2 AR A R i 2k

2.2 XH&ITHSH

K 3 a /& HAP@CSPEO@ GEL 44 > £F 4
() X BHRAT SRS 8 3 b b & StHAP@CS-PEO
@GEL 9K 4 X HH&AT it g . 5 HAP fts
#E pdf & B (PDF # 09-0432) %t He, [/ 3 E§i% a
(200).(111),(002).(211),(112).(300).(212) .
(310), (400, (203) ., (222), (402) . (004), (501) .
(304) . (522) il 5 HAP $prifEls——XF N . AT
im%. 5 STHAP fkR#E pdf < A (PDF # 33-1348)
StEG, B 3 F b (2000, (102), (211), (202),
(311). (400, (222),(312),(004) ., (313),(330),
(311).(510),(520), (432),(334) {41 5 SrHAP
PRl —— XN ST i R . X HFAT 3 o i 46
B . HAP fil StCHAP WP S R4 3 D i L e
CS-PEO@GEL 94K &1 4 1 . 3+ H P A fb k4 5
KRB BT /AL



780 TN A N NS D = S

e CHARBRA RO

2019 4F 45 41 %

a.HAP@CS PEO@GEL; b.StHAP@CS PEO@GEL
K3 P SRR X STRAT ST

2.3 WML HH

B4 AR IE S AT i a5 2R . Kl 4
(a) 7%, CSPEO@GEL 40K 21 4 2 th ' 1 #4157 7Y
LA A YEZ P L = AR5, BT 4(b)
T GORL A 5 W B a5, HER YN
150 nm, 4% 5¢ 45 14 g B 4 AP0 1 240 A o i
JoT A R T 20 M W B A A . T 4 (o R, 700
T AR EF 4 Fem B - — 2 AR &5 4, S HAP i
o B 4D BRI AR AR mE &2 A
ARGEH 1Y ScHAP k7 ,

K4 SETAEMEIES

H T W — 2R TE QK A 2 R R 5 4 DA
5% s R B G FL B X A K £ Sl b R AT AR, 25 SR
KIS i, B 5 RGBS REE BN HAP@CS-
PEO@GEL YK 4T 4 32 111 78 55 45 KL 7 2454 5
A B e % 1R 2 % 0. 2814 nm 1 0. 3440 nm [1)

W i T DI 43550 %6 B T HAP(211) #1(002) s 1
[ A T 25 20 e i B 2% M RL 3R TH /Y R 2 2540 |
Ca.P.O LR AW, ¥ — 4k 52 HAP@CS-PEO@
GEL K2 4 B K M HAP,

5 HAP@CSPEO@GEL &5 #4114 125 5 v B A BE T 4]

K 6 k STHAP@CS-PEO@ GEL 4/ >k £F 4 11
BRI S A S B R AR . i
PR LS 3 75 £F 2 3% 10 7 55 /DN B B 2 45K 5 =
£33 S HL 85 I B 0. 4229 nm 1 W A i T[] BB

A3 BRI STHAP(220) f T B & 181 45 205 g 1% &
W] StHAP@ CS-PEO@ GEL 4} K £F 4 2% 1 i) A
JZEER R Sr P A O JCR A A, E— A Ak 2
A pE R A SCHAP R AELE
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6 SrHAP@CS-PEO@GEL & & #1 k32 5 ra B A BETE ]

2.4 SEMKMRAZHENK

T B UEARE ) A M AR A M X B A GOK A 4
PRI TR 25 SR W E 7 s, B/ 7 O MG-
63 4iffi#E CS-PEO@GEL, HAP@CS-PEO@ GEL
il SSHAP@ CS-PEO@ GEL & & 40 K # k1Y 1= 12
W5 R 24 h [ 48 h R AN IAATG R . [’ 7 KB,
i 7E CS-PEO@GEL 4k 1 4 . HAP@CS-PEO
@GEL 4k 274 ft St HAP@CS-PEO@GEL 4k
SRR T R R 24 h S A0S P4 ok
68.44% .73, 24 % F11 75. 90 %0 s 55 5% 48 h J5 . 4R MGG
PR3 %) 88. 66%.92. 76 % F1 98. 59 %, i TR N
PEMAARAE (ISO 10993—5:2009) , K 3 Fi i A4
KA A B RN, A A e A, HAA R
AR A . HAP@CS-PEO@ GEL £F 4 il
SrHAP@CS-PEO@GEL 214k 5 40 036 5 T CS-
PEO@GEL £F- 4 i 20 fa 5 % . 35685 HAP Fil StHAP
A AR E A G, StHAP@CS-PEO@GEL
ARG M T HAP@CS-PEO@GEL £ 4
PIANTEE . 5H55% 24 h AL, 47 StHAP@
CS-PEO-GEL 44k £F- 4 |} 5: 48 h J5, G ME it &5
22.69%, Tk HAP @ CS-PEO-GEL 4k £F
4 FAYIETE 48 h #2855 19.52% . MHAH2E 3. 17%,

7 GOKEF RSB EE MG-63 4l i 1 B¢ 52
T SRR L £ B A R B P A AR T
D0 o 7 FH AT B 2 2% R A bt W ¢ D' e sk ) 15 IR A
FHRHR $2 30 0 20 i 28 17 % SE 40 22t e 0, &5

RN 8 B ([A] — I 8] o 22 A7 43 01 S T 448 e A
FEAN L EIAE IR B0 . & 8 SR, A — I ] i A 1A
T LF B AN B 5840 M 0 A2 A, dFE— 20 Ui B &2 A 98
KA B B . STHAP@ CS-PEO@ GEL 44 >k
S 45 XTI Y T A B AR i B 2, F — 2P IR S StHAP
ReH i CSPEO@GEL £F 4 1 A 13 4 » A1 12F 40 e
AR
2.5 SE&GKM RIS 5E 20
AWK R A MG FE 25 R & 9 B, &l
9 % MG-63 4 s #£ CS-PEO @ GEL, HAP @ CS-
PEO@GEL F1 StTHAP@CS-PEO@GEL & & 41k
MR ERR 1.3.5 d 1 7 d R iR &, &9
FW, A7 CSPEO@GEL 44k 474k . HAP@CS-
PEO@GEL 44k £F- 4t 1 StHAP@ CS-PEO@ GEL
PR AERIR PR T3S 1 d 5 4 LS YE 2 5
60. 32%5.60. 00% F1 58. 42% ;5535 3 d J& « 40 My M
PR #] 71.96%.78. 09 % Al 84. 10%; K535 5 d Ja »
YA T T 1 v 3 81 3406,89. 48 %0 1 103. 31 %05 £5
I 7 d J5, 40 TS PR R F) 89. 6200, 103. 69 %6 Al
116. 57 %0 5 fa T4 P9 85 R 0 05 o (ISO 109935
2009) ., dMIEE AR ERESR 1~7 d N 4T
7 CSPEO@GEL 44K £F- 4k . HAP@CS-PEO@
GEL 4k £F 4 Fil StHAP@CS- PEO@ GEL 44 K £F
e Loy HI R — A LT B F B0EH 40 iR e A A1
BEE A K, HAP @ CS-PEO @ GEL £F 4§ 1
SrHAP@CS-PEO@GEL T4k (1 40 i 1% 5 F CS-
PEO@GEL £} 4 iy 40 fa 35 7% , i HAP # StHAP
AL — L8 m M R AR T . STHAP @ CS-
PEO@GEL -4 () 48 Jfa 7% ¥ 75 T HAP@CS-PEO
@GEL £F 4 (%) 40 B 75 % . 7€ StHAP @ CS-PEO @
GEL 9K &1 4k I i 4075 P (58. 42 %0) — TR IR A%
TH At PG R R RE A9 40 B S P (60,3206 AN
60. 00 %6  {H 20 e 1) 334 Bt 3 3 200 BU At 3 b b1 ) I
(1) 200 B B, G D R AT RO T 4 A4 RE 1 9 STHAP
SURE T 200 JERE R A7 L6 53 i 5 4 DI Rl B 76 44 L 2
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K8 ANEARMAIN MG-63 125 M LSRR A e 2 21

T ) » STHAP f8 55 4 b {2 5 40 i 4% 5. MG-63
HMTE S,CHAP@CS-PEO@GEL £F4E & H 45 5% 5 d
i 40 3 M B 2 23k 103, 31% . i T HoAt b k)
EHEFR T d i, K StHAP@CS-PEO@
GEL 27 4E x40 i 14 58 e HE 0 F e«

K9 AKeF e ARk L MG-63 41 si i 1

Bl 10 S AN AE AR S5 41 e i A KR DL Y
Pl BEIEL i P 10 ATRN B A (] B HERS » 0 2K
2 AN BTSN 6 3, DI = bR B AN
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Preparation and properties of ammonium polyphosphate/waterborne

epoxy shape memory and flame retardant composites
ZHU Shanwen , CHEN Shuaijie , WANG Enliang , HUANG Yunfeng , DONG Yubing
(Silk Institute, College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In this study., waterborne epoxy ( WEP) was used as the matrix and ammonium
polyphosphate (APP) was used as the flame retardant to prepare ammonium polyphosphate (APP)/
waterborne epoxy (WEP) shape memory and flame retardant composites by mechanical mixing, freeze-
drying and hot-press forming method, in the hope of gaining a composite with good shape memory
property and flame retardant property. The APP/WEP composites were characterized and analyzed by
SEM, TGA, DSC, TMA, universal testing machine and limited oxygen index tester, respectively. The
results showed that compared with WEP, flame retardant property of APP/WEP composites improved
significantly. Limited oxygen index (LOI) of WEP was 18.2%. When the mass fraction of APP was 20.0%, the
LOI value of APP/WEP composites reached 27.6%. In addition, when the mass fraction of APP increased
to 50.0%, the APP/WEP composite still maintained good shape memory performance, and its shape
memory fixity ratio and recovery ratio were as high as 90.5% and 97.0%, respectively. Therefore, the
APP/WEP composite is a multifunctional composite with both shape memory property and
flameretardantproperty. The preparation process of the composite can lay the material foundation and

provide experimental reference for broadening the application fields of WEP and its composite materials.
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AILIRICACFIBAIRVERE Y &2 5 A8} JFAH5E T APP
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EL  APP-0 APP-1 APP-2 APP-3 APP-4 APP-5

1 98.9 96. 3 95.8 96. 2 93.7  90.7
98.7 95.8 95.3 96.0 92.6  90.5
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98.7 95. 4 95.3 96. 2 91.6  90.5

l

94.5 84. 6 80. 1 76. 3 72.2  76.4
99. 6 96. 2 94.0 96.0 92.1 96.8
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Resources and research status of Osmanthus fragrans colour group cultivars
FENG Yuanyuan, LI Qingying, HU Shaoqing
(School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Osmanthus fragrans is one of the top ten famous flowers in China. As a new population of
O. fragrans, the O. fragrans colour group integrating three functions including greening, aromatization
and coloring has great application value and broad application prospect in landscape field. This paper
summarizes the states of the cultivar resources of O. fragrans colour group, finding that the 27 cultivars
mainly derived from the artificial selection, cutting seedling and bud sport, and most of them came from
Guilin, Guangxi, which could be divided into red series and yellow series from the perspective of color
system. At the same time, this paper also reviews the current situation of researches, finding that there are
many researches on breeding and cultivation while some researches focus on physiology, biochemistry, and
molecular biology. Besides, the future research and application prospects are discussed. It provides
theoretical basisfor the identification, protection and the development of new cultivars and rational

utilization of resources of O. fragrans colour groupin the future.

Key words: Osmanthus fragrans;O. fragrans colour group;cultivar resource;research status; prospect
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FEE,BRER,HRF, FELD ,=FW
(LT I K FERAIRLR AL 31001852, ¥ B Ak kA 5 HF 5 12 4 Ak W AF 7 AT, 7~ M 5105205
3R AL L B AR, 483 M 363800)

HOE, A SR ITARA 6 FAEKAMAIRGERABRERSAT, EHERHORBRELR, AKD
Mot R R R ST RA) AR R RE, BREREN. T AT BHG 2 MRS 7.65.104,98 4= 29
FOANAREZER LR S A RKEIABME SR T .. AEEOHRESFCMHLRSG . G 6LEE7F
EALBRAMGEA TTAREZ P RAST AEENRATHEABRLRS. LA ERR T EEARAHRER LKA
2. B, KABKG 2 AN RS ARATAKE HE TR KA AR HOK R L FPREBAHE
FTARESAREGE MK AMALKRFMMET ., ARERTAHEGRR TEXAMTHEAGHOAL

AR 2RI,
K KA B R A A RBIKR B REK
RESHES: S722.5 XERFRERRS: A XEHS: 1673-3851 (2019) 11-0799-07

Early comprehensive evaluation and selection of

Michelia macclurei germplasm resources
LI Qingying"? » CHEN Weijun® » ZHONG Chonglu® » FANG Bijiang® » JIANG Qingbin®
(1. School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Research Institute of Tropical Forestry, Chinese Academy of Forestry, Guangzhou 510520, China;
3. Jinshan State-owned Forest Farm of Huaan, Zhangzhou 363800, China)

Abstract: To provide scientific bases for reasonable exploitation and utilization of germplasm
resources, the superior provenances and families were selected based on analyzing the growth and shape
traits of the 6-year-old Michelia macclurei artificial forest of 8 provenances and 77 families. The results
showed that the two provenances Guangdong Xinyi and Guangxi Pubei andfive families (No.7, 65, 104, 98
and 29) had good overall growth performance in Southern Fujian. Among all 8 provenances, Guangdong
Xinyi ranked the highest in the comprehensive evaluation, and Guangxi Bobai had the lowest
comprehensive ranking., Among all 77 families, the family No.7 from Guangdong Xinyi ranked the highest,
indicating that it has the obvious comprehensive advantage in growth and shape traits. Therefore, the 2
provenances and 5 families with better performance can be used as excellent materials for planting early M.
macclurei plantation in Southern Fujian, among which the most promising family No.7 and family No.65
are worth promoting. The research results can provide the scientific basis for the construction of early high
quality and efficient M. macclurei artificial forest plantation in southern Fujian.

Key words: Michelia macclurei; provenance; family; growth trait; shape trait
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K (Michelia macclurei Dandy) M 44 BEE &
%, BA LR (Magnoliaceae) 522 J& (Michelia ) & 4% K
TR SRR L 35 ma e 1 m DL b R E R 5 &
B 2 25 I M Z e R R s W RIR ST T
JTARE VIS XAZ AL A b EH VL S LA R
XA IR K I EA KRG B AR
= A AR b 2 B i KA
DRI RR . HA [ L ARBFEE A A0, SO,
RS B HET 160 MAb 55 . K I Rl
Fe AR S YA TR B2 L H
T A E EEE. K IIRHREIE R B
- KR TR R

HHT K SR 2 e B M BT ST
T BRAR SR AR AR PE VMO SR il 2 Ak
Gt K I A KRS OLEA T TR S5 SRR B, K
AR A TRV, MR A R T A AE 2 22 5 AR OR Y
BARSRIE T A NPE5 1 KT R R, &K
WIREE e R AR 1L A 8] e v 0 IX A KR R
P ARG B B T ) R DX AR B 14 K T Al A
ARERRBTATRL R 2 R e R G B A R hd 5 i
— RGBSR . 4 oc " X 3 454 Kk Iy i
ANFEFE R R AT T IE B A SR 4R kT
FAMA S BIFE 4~16 4FF1 5~16 40, B 55 5 Mg 42
AR,

AR SCHE AR 148 482 4 L A MR A DR

Tt 8 AT TT D HE R AR BT AR AT 45
E VTS A LI 7 1) g e DX A R A AT
R KT8 L K TN AR b A 1) e X
KR R AR S 2 1 S e PR SR BE R A AR 4l Ol
B I B AR R R ok SR T
MARBEE AR,

1 #MEERE

1.1 IR

TR A T A A 4 Ll EA PRI AT TIX
9 KPE 6 /NHE, A48 117°56" . dt4h 24°69, Mgk 170
~250 m, AFZACRARIE b, + 3 1 Hb 2T 4, 37 b
B [ 2EH, + 2R R KT 100 em, +- L Iy
ST BRI RV B R 147, RIS M AR H B4
2900. 3 h ARSI 21. 1 °C, 4% B 41 °C Wik
R R ZFET 2.4 °C, 4FETCHH 305 d, AH % B
80% ., 4ERE/KHEE 1800 mm 24y, 478 & &t 1187.5
mm, J& 7 RIS
1.2 REHr Ay

I K 186 8 AR 77 MK R E R W
£ 1FUR, BECREM P 2011 4F 11~12
A T[] — P YA [] R Bk A% b 38 ] B 500 mo DA I
CRARFRYE) o Y A i 5 s B e B 22 /0 1000 m A I
SRAPEF e RS 20 SRR IS DL L A B TG R E K
TR ITREAES) B IR ST, 3R AR P 7 5 i B
FEAVE T YA 50~80 em I TR FH Ak

® 1 ANAEMIER R

RS FhURHL MRIrSER HERRY E5058 G MR /m
1 RIS H KR 2.3.6.7.9—17.19—22 22°27' 110°46’ 214
2 TR M PN 25.26.29.33.34.36.38.,40,44 ,45.47—50,130 22°09' 110°47' 176
3 IR TiF WA 131—133 22°59' 112°12 158
4 I TR 90,92—96.,98—100,102—108,110—112 22°59' 110°38’ 154
5 I TR 115—120,122,126—128 21°57' 109°44' 185
6 I FRS 63—65 22°15' 109°32' 109
7 T PRI R 66.71.74.75.78 22°02' 109°26' 54
8 IR WA 79.82.84.88.89 22°02' 106°50’ 455

1.3 REeAHE
L3, 1 I pk

K56 A BEAL X A HE 47 1 AR T, AR R
10 Bk R 1 /NIXL EE A 4 IR XA R S8R M 60 em X
40 emX 30 cm, BRATHE 2 m X 3 m, 2012 4EFH Z&1E
M RFAE BRI A 1 IR RRR 250 g, 250 1 5] [

FRAE R AT AR ORAP AR F
1.3.2 Btk Kgeit

DI KB T MR AR S VA 48 B s 328 BB 5
(Height, H). i 2 (Diameter at breast height,
DBH) 4% T & (Clear bole height, CBH) \ /X
£ (Stem form axis persistence, SFA) ., F T8 HJE
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(Stem form straightness, SFS) 4% %5 )& (Density
of permanent branch, DPB) . fll &% ¥1 40 ( Thickness
of permanent branch, TPB) DI M ] £ 43 &% ff

(Angle of permanent branch, APB) NP 545
HOIE B IR BAR S AR ME AN 3% 2 P .

R 2 NAWEREIERE S RiRE

M o YR
@/‘k if’af/]‘ 6 5 1 3 2 1
app PP T B A G s b ST N SR R G UG R G SR B B
SN A 3/4 LI I 2/4~3/4 1/4~2/4 M ~1/4 AT
ape PURIPISS UM B HE: S 4 05 BT ORECB BT 34 RS BT 24 Rk BT U4 B ET 14
g A s W W Pl ~3/4 25 il ~2/4 25 i IR
‘ ‘ A B R DG B R A AN ]
ppp 1 MBI o DO BRI e ey ) B o B A
WL g F 30 em 20
cm 15 e¢m F+ 15 cm
N . /\ »
R B, 4 A B A B L 1~ oy TS T
TPB L ﬂg — — AT R KTAE T IR T
. FEAK /4 FHEM/3  EFERR1/3 @%1@
APB ;’”ﬁgﬁi{ﬂg — — — KT 600 [ENT 60°

AL B4R T8 b5 2 BARPCR A Hrh i
—EBRARTET S KRR IR R R AT LRGN S
VPt AR ARYE R R HR ) E
B (1 AR AR, 5 B 7 A T W AR 5 3R K
P P A T, A K A L 0 SR IO R AR
FUAR o S 45t P EOR D 4 L A AR S SR R A
PR A4 B R I AR A R R B (W) .
KA1 PR R Z2 A PRS- S5 545 ] — 3 B
P U, (0. 1<<U,; <<1.0), B4R )7 108K
(D FHFAAKX RS EE W, 5 i
W, EUE R/ AT HET B AR A 5T 5 U5
AL .

Uy =1—0.9X (Ve =V )/ (Ve — Vi) (D

W, => W, XU, (2)
Ho: K Vi Vi 5 Vi 53 B AR 07 208

RRAE AN/ IME s § AR E RS ARE
MR IE DR .

2 HRESH

XK AOEHREEITMN 5EE

6 AEAE K J1H 8 AR A K I MR EE A
W 3 Pran. MR 3l MR 7 W R i
6. 43 m, FHE 5 MEARA 5. 91 m; FHYE 7 1Y A
5 FCH 8. 84 cm, MAR 4 & /IMUA 7. 54 em; &
TFRTE 1. 50~1. 69 m Z[a]; 343 L (SFA)FUE
¥IHE 4 LU b, T8 HE (SFS) A5 3(4. 88) LLAb
HARIAE 5 DL L, FBA K i A B— 2 g B
FH g, ALY CTPB) Ll % % & (DPB)
A CAPB) 43 24 A8 S5 e B9 FIIE 3 0 S Flg 4
(2.37) P 6(2. 440 FIFhE 3(1. 70),

2.1

&3 AOEMEEREERERER

FpE S H/m DBH/cm CBH/m SFA SES TPB DPB APB
1 6.14+0.07 7.764+0.11 1.60+0.04 4.6740.06 5.34+0.04 2.3640.03 2.32+0.03 1.6640.04
2 6.15+0.07 8.2040.12 1.56+0.01 4.3840.07 5.21+0.05 2.2640.04 2.39+0.03 1.6940.03
3 6.05+0.14 7.8540.26 1.50+0.03 4.3040.15 4.88+0.13 2.3640.08 2.40+0.08 1.7040.07
4 5.954+0.07 7.544-0.12 1.524+0.01 4.6640.06 5.344£0.04 2.3740.03 2.40£0.03 1.6540.02
5 5.91+0.08 7.9240.14 1.5740.07 4.4440.07 5.13+0.06 2.2140.04 2.2940.04 1.6840.04
6 6.34+0.12 8.6240.23 1.59+0.02 4.1940.13 5.1940.08 2.2740.07 2.44+0.06 1.66+0.06
7 6.43+0.08 8.8440.18 1.69+0.01 4.1440.10 5.1940.08 2.2240.05 2.25%0.05 1.6740.04
8 6.06+0.12 8.4840.25 1.50+0.02 4.484+0.11 5.30+0.09 2.3240.06 2.32+0.07 1.6840.07

S 6.13 8. 15 1.57 4. 41 5.20 2.30 2.35 1. 67
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W VA BV O e AR L B R B AL
REW, HARGNER 4 B, Horpowg i A 42 e i 14
0. 146, ik 3140 Xk 0. 132, H MR F8 45
¥k oo 111, RACKRE W& B4R 3 o XPERT
B ER K,

T4 RNEERBREREERIERONERE
Mek$ghs H DBH CBH SFA SFS TPB DPB APB
W; 0.146 0.146 0.111 0.132 0.111 0.111 0.111 0.111

X 8 ANFPIE A AR - SAE A 7 R — 35 FH B
(EFASS AR FR IR K TR PR FE AR A ] — 24 2
PHE R ZE AT (EFIHER AnER 5 B . ik 5 mlAl,
KT ZE S VEE R HES W KB IMEIR R - 1,
6.7.2.8.4.3 15, HAFIE 1 MLE G IF i m N
0. 600, F 6 fYRZ K7 0. 599, FE 5 f5e/NHy 0. 376,

YT RN SR Bt SR A BRI 2R
PRFs s A ZREME SR 2000 g Ak R0, 52>
X g AR 25 A VT (E LR R T 0. 600, BIFFE 1
FIFPIR 6 SRR AR, 456 3% 3, AT LA Fil 1
FFPYE 6 ZEA = B4R VBT R L R B A UM
RFGFR L AR K TR R 14
BEARF AR 7K ABFRE 1 K A0 3145
SR R T8 L AL T 8 AN Bl Y B s KT 5
PR 6 SR AE BT A7 A R A, B (6. 34 m) R4
(8. 62 cm) I ALJE B - H H T IR BRI 1 2%,
X1 R ARG R AP 850 5 A 38 B 5 X

FRUSE N R SE e R A, MR 25 SR E R
P 3 FRIE 5 M2 PR 255 PEE fEAE 0. 500 LA
Lo HB R S R R Hg A el N
0.376, B EMTAMIRMLEETEE . M H AR R
TORPUR 2 FRIE 8 FNANIE 4 55 4 BRI IR LRI
ZEATT UL, 8 DRSPS 1 AR 6 00 75 M,
LEOTEE 2R 0. 600, J& 6 4F A4 78 1) 1 b X %
IR 75 1 K T g s A L o

fif &0t %ok A LR AR FPIE A 3 R4 k)
N TARAE AR R AT A 45 0 76 KO e B
KRS, R A S0 % e R ARFP IR I 4518 . FEARIK 6 4F
A B X A ST B, FPUR 1 R 6 R 7 RIARR 2
SERIRFIR AL T 25 50 2 HE A4 AT 4 7, Ui R
SRR K IR A AP U5 0 A KA 8, 54 4
JC GBI T A5 AR R . (MR VR K T A
VERRLE R I LA RN 5 e 2= R A — 2L
VLI K T REAEAS R AR h AR R AR . 1)
Ll K e N TR AR R R 58 2 B K TR Y
B 1 A Kb R S A I 43 ) A 4~ 14 4[R5~
16 4E[E A K 11~18 4F[H]  RATE 14~16 4FEfF K
WA T NS 1A S K i 6~ 18 AR A 45
BT KR [ A K 0 A KRR i 22 57
o OO, A AEDL TS AR HE 4 b B2 HEAA 1Y
T SR RN LA R AR 2R T v U BH TR AR
PN s X A 5 Y 26 IS 28 5 TR Y S TE AR O

x5 ANHEMEEERE-—NAEME.GETEBERES

He4 FRS H DBH CBH SFA SES TPB DPB APB W;
1 1 0.498 0.252 0.574 1. 000 1. 000 0. 944 0.432 0. 280 0. 600
2 6 0. 844 0. 848 0. 526 0. 185 0. 707 0. 438 1. 000 0. 280 0. 599
3 7 1. 000 1. 000 1. 000 0. 100 0. 707 0. 156 0. 100 0. 460 0.574
4 2 0.515 0. 557 0. 384 0. 508 0. 746 0. 381 0. 763 0. 820 0. 567
5 8 0. 360 0.751 0. 100 0. 677 0.922 0. 719 0.432 0. 640 0. 564
6 4 0. 169 0. 100 0. 195 0. 983 1.000 1. 000 0.811 0. 100 0.514
7 3 0. 342 0. 315 0. 100 0. 372 0. 100 0. 944 0.811 1. 000 0.473
8 5 0. 100 0. 363 0.432 0. 609 0. 589 0. 100 0. 289 0. 640 0. 376

2.2 XNERRZEWMSIEE

ZEER 2 0T IR K TR R IRR BN 108

6 AR K IR 77T AR R E K BOY R TR
FR UL 6, FF RS IR LA A% K R 5 0751
20 N KRARS., 6 Bn-HEAERAT, W Ek
B T4 SRFRN 703 m, il 122 SR Z R
BN 4. 22 m; AR R RN 65 B % &, 8 10.17 cm,
BAINHN 122 5K ER. N 5.52 cm, BEFERENT
SRR HN 2.20 m AR KK R 99,0 1.31 m, i
BRZBE T4 XM R 4,50, F 138 HEE K 5. 26,

S S A L

KITH 77 A FFR AR B TR bR 1] —
R L8 A W (L i WA 7, NFR 7 W]
ML AR REE A WE T RIMEBIF RN R R T,
CEEVEEN 0. 761 R EM N R R 117, 558
PEREMEA 0. 336, fKHE 2020 I AZER T A5 H K
£ 7.65,104,98,29,92,47,74,16,17,89,103.,9,
13,66 4% 15 MR R LR KBNS, LR 3 P E (I 1E
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% 61 R KRR IR LR A S e B 803
F6 ANNERRAKEERERER
REE H/m DBH/cm CBH/m SFA SFS TPB DPB APB
2 5.7540.32 7.4540.48 1.4840.02 4.79-+0.28 5.38+0.18 2.1640.14 2.21+0.18 1.7440.10
3 6.1640.19 8.714+0.40 1.5540.03 4.84+0.26 5.68+0.11 2.1640.12 2.3240.10 1.60=+0. 10
6 5.974+0.28 7.014+0.40 1.5440.03 4.42+0.25 5.33+0.16 2.46-+0.13 2.424+0.10 1.58=+0.10
7 7.0240.35 8.364+0.35 2.2040.41 5.0740.22 5.2140.17 2.6840.14 2.3240.09 1.7140.09
9 5.8240.26 8.03+0.47 1.5040.04 4.70+0.20 5.3840.12 2.5040.10 2.334+0.09 1.8740.46
10 5.6940.21 7.3840.41 1.5340.05 5.1140.21 5.65+0.15 2.32-+0.11 2.3740.11 1.58=+0.12
11 6.8340.22 9.1040.47 1.5340.02 4.1140.21 5.2240.17 2.29-+0.12 2.14+0.13 1.61-+0.09
12 6.24-+0.22 7.8840.46 1.484+0.04 4.52+0.24 5.11+0.16 2.12-+0.17 2.28+0.11 1.58-+0.10
13 5.96+0.21 6.6840.37 1.5040.03 5.234+0.14 5.3240.11 2.62-+0.10 2.50+0.10 1.65-+0.23
14 6.4440.16 8.0540.47 1.504+0.03 4.43+0.29 5.62+0.18 2.22-+0.13 2.0440.13 1.78=+0.09
15 5.9140.17 7.5340.30 1.5740.03 4.2740.24 5.42+0.16 2.00+0.15 2.354+0.10 1.80=+0.10
16 6.9940.17 8.3440.35 1.7540.20 4.50+0.19 4.92+0.20 2.33+0.11 2.3740.11 1.87-+0.06
17 6.4540.25 8.9140.56 1.5840.02 4.3240.30 5.40+0.13 2.50+0.17 2.454+0.11 1.68=+0. 10
19 5.9540.22 6.9040.46 1.5640.04 4.55+0.25 5.1140.16 2.36-+0.12 2.5040.11 1.45-+0. 11
20 5.3440.32 6.86+0.52 1.4440.05 4.79-+0.19 5.2340.12 2.2940.16 2.364+0.13 1.7940.11
21 5.264+0.33  6.68+0.46 1.84-0.33 5.1040.25 5.5940.15 2.574+0.11 2.10+0.12 1.2940. 10
22 5.2940.29 6.3140.58 1.460.06 5.0040.23 5.4240.19 2.4340.17 2.36+0.13 1.5040.14
25 6.0940.31 8.7940.59 1.56-50.03 4.1540.22 5.4640.18 2.004+0.16 2.2040.12 1.75+0.12
26 5.704+0.27 7.2340.48 1.59-0.02 4.36+0.24 5.2640.17 2.074+0.14 2.04+0.11 1.68+0.09
29 6.3140.23  8.0040.47 1.48+0.03 4.8440.24 5.3540.15 2.474+0.14 2.79+0.10 1.7440.13
S 6. 04 7.90 1.56 4.50 5. 26 2.31 2.35 1.67
T RTRIBR R B R R ST RAH 20 MR A
x7 MNNEREZZEUERA—HARME.SEEECERISA
H4 %729 H DBH CBH SFA SFS TPB DPB APB W,
1 7 0. 997 0. 650 1. 000 0. 868 0.412 0. 990 0. 568 0. 691 0.761
2 65 0. 923 1. 000 0. 424 0.523 0. 442 0. 835 0.676 0.733 0. 695
3 104 0. 824 0.534 0. 504 0. 764 0.598 0.913 0. 784 0.578 0. 674
4 98 0. 750 0. 688 0. 363 0. 566 0. 546 0.923 0. 667 0.916 0. 664
5 29 0. 769 0. 580 0.272 0.742 0.517 0.787 0.991 0.733 0. 661
6 92 0. 849 0. 541 0. 474 0. 545 0.517 0. 874 0. 604 0.873 0. 646
7 47 0. 984 0. 814 0. 363 0.512 0.212 0. 855 0. 766 0. 634 0. 644
8 74 1. 000 0. 764 0.767 0. 358 0. 383 0. 748 0. 667 0. 494 0. 644
9 16 0. 987 0. 646 0. 545 0. 555 0.197 0. 652 0.613 0.916 0. 636
10 17 0.814 0. 756 0.373 0. 457 0. 554 0.816 0. 685 0. 648 0. 631
68 90 0. 782 0.597 0.282 0. 468 0. 569 0.235 0. 307 0. 466 0. 469
69 106 0.411 0. 323 0.272 0.517 0. 457 0. 681 0. 667 0. 494 0. 461
70 105 0. 484 0. 392 0. 242 0. 100 1. 000 0. 652 0.577 0. 395 0. 459
71 26 0. 574 0. 431 0. 383 0. 479 0. 450 0. 400 0.316 0. 648 0. 454
72 33 0.558 0. 642 0. 242 0. 281 0. 442 0. 429 0. 424 0. 606 0. 450
73 88 0. 369 0. 408 0. 140 0. 555 0. 554 0. 700 0. 451 0. 395 0. 435
74 63 0. 504 0. 433 0. 252 0.215 0. 256 0.526 0.784 0. 480 0. 420
75 122 0. 100 0. 100 0.211 0.501 0. 442 0.719 1. 000 0.536 0.418
76 99 0.587 0. 286 0. 100 0. 555 0. 405 0. 332 0. 622 0. 227 0. 388
77 117 0. 520 0. 448 0. 201 0. 435 0.174 0.100 0. 280 0. 480 0. 336

T - TR IR TR TR RS R R ZR GV (AR B9 10 A2 55 10 LK &
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0.600 A b, Horh HEZ BT 5 AU &R 7.65.104,98 Al
29 SR 5 A TEREAE 0. 660 DL b, Hp R AR
7 BIZRG P (R R AR DL R A T i PRIk
BISTRZAZFHME, ZFR 65 WA (10,07 cm) %
A (6. 79 m) L B i 5 T 27K 1 B X
MR FEAERKEE R GEA YRR R AR
3.111.48.95.107.112.,128.,102 1 79 2-25 43 H%
REGRADE, ZHTFEETE 0.503~0.607 Z
B K% 12.75.108.22 F1 19 54 19 MR R HLA
PEEMEIFE 0.500 LR, W ZER R, HIAERFR
K F,7.65.104,98 Fi1 29 5 5 N Z A7 [ 55 HL X
6 AP I KL S0 09 A R K N TR
FAEEAR R R . EHEZTT 10 MR, 8 TAIE 1
JREDOMNRFARR T.RKF 16 MER 17;: )8
THRIE 6 O PUHAL AR 65: )8 TAIE 7077
BIDWAERZR T4, i ZREGGHEA T 2 600
ST JE AR A AR 1 ARIR 6, 5 R A 255 P
HEAAHXS N . 25 G i b T R & ok AR
T EGEED IR R 7T VAR AFIR 6 PEHIL
IR Z 65 J K IRt R R R Wi ikt . k7
JITA RN R ZRZ T R AT R 5.7 F129 45
SAEFZRCKRAT VA 98 fl 104 5 2 MREFR K
A AR R R LA HEA L2 T 98, H ik,
KB ARMNR R G HAE X A K,
2.3 NAEMERREADT

MK TP IR R FR AR AN 25 RO  Horp
V107 SR EARFIE 6 1 65 55K R HA WS
ERME R, T SRARGE VPN I /IR &
ROCHERER XS :65 S HK AWM ML G HEA
T5e rmn » U BH AR v AR A% A R TR de b, (EL R B
FGERIRA RS KO K PR (e 458 —
AT EA G R AT IR S AT I E . 6
HE L 25 SRR ARN ST b 25 A P e AR A otk
LR E LR R, 2R IE S50 3 AT R [ 3 A2 X6 K 77 A
ARSI 25 R 4 AR RIS R A (e sk
O XTI AR A A K EA S X
TEMRE R AR B, B T IEESIXE 6 F4 K Ikl
s e PRI 53 B K T3 AR AN (] e s A R PR R AE
ARAERKB B W2 . X 4o S s g 3
AEAE SARTC 6 AR K TR IR R TSRS B AR
KA B 22 5. A GBS 1 A L EXHE
AT Aol o Y e A 1 BRI ) 3 o7 P R A B4R
FFVPAL T AAESEA T Rh BT BRI 25 G 1TAN S BT, AN
REAC AR i A A S e B AR e B H 1Y

B2 AT AR » 255 AN A B JE B MR LA B S7 4 2%
PRI R AT LR 5 20T o KA LA B RFSE2
Y ASSOM AR AR B SO PRI K T At o 5 5 2% ok
FIE a3 VA AR AR A A8 222 5 1 T A5 AR A7
PEAT T IR JEIT 22 i B e A 5] XA A
[ ) SRR SE B 2 A o 2 TP IR R AR 9 A RS Pt 22
Bl 1l A O T AN (] aE— 25 BB 9 0 25 AN )
Mo DR BT R BT IR I LR S T S %

3 &

KA R E R ARG £ B S R, B A
JEAR B A R L 3 N R T T K kR
J7EERR A o AR SCE A R e L IX 6 AR AR K IR T
MR AR BIE MR AT 25 G PP Sk 8 15 T LA
T4

a) JTARGEEGME DA Pt (Fhig 6)2 4
FhIE.7.65.104,98 1 29 5 5 N5 R AE 18 7 i X A=
KRB S KT g BT G IR AR 1 b X R e

WL AR,
b) 755 65 S E R E K, if HAE
XK S R

ARWFFELE R AT KR R BN TR R
PR PR ALBE IR 745 KO F T
FE IR VA _LAR AR 8 A7 S K Amg A ]
3t DA AR A R X B2 B b B R A e R
PR B TR

S 30K :

(1] Z3M, 22E %, MRt 2 BRI EE
HEAFALTL ARFHGER, 2017(8) : 3-7.

(2] 2252, SO, ZEW. 55 AREFRITTRZ XL
g A K m [T AR e aE, 2017, 36(3):
664-669.

(3] HH. Eldebtds 13 44 K J7 i N AR KR P KoK IR
RFRFAELD]. T JTPEREE, 2016: 1.

(4] XBA7A, ZE0RoR. K IIRM & i B MR AR BT LT, b
FE ARl . 2016(8): 154-154.

(5] EW. KOTME RZMPimiE BULE IR LD]. K. hrg
ML B R, 2015 1-2.

[6] Jiang QB, Li QY, Chen Y, et al. Arbuscular mycor-
rhizal fungi enhanced growth of Magnolia macclurei
(Dandy ) figlar seedlings grown under glasshouse
conditions[ J . Forest Science, 2017, 63(4) . 441-448.

(7] B, A0, M, . KT TR RAF RN
FRZFHEEZE ST FhF, 2016, 35(9): 78-81.
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150-154.

(97 Wi, 6] pe v VAR L b K TR FH A AR 432 i 45 B 45
[J70. Mok #hggisit, 2010(1) . 31-32.

[10] XUHLE , R, F2AR K IR IS HRFE 500 B F1E

HREIBFFELT ], MOl BR2ERFSE . 1990(6) . 618-622.

(11] BRaEoR, #6. K AN TARA K Hr [T ). W rE Ak
PR, 2003, 30(2): 20-22.

(127 BREGAS. T ZR (L T A2 AR 38 M A 4 350 SR TR
B LT AR B, 2011(2) . 229-
230.

[13] faf4:7c. 3 4R K AR K ZFARMELT].
AR, 2016, 43(4) . 34-37.

(14] 3, 2250, RS, 5. Bt SO b ot i
LT Mk SeREAR, 201311 : 13-16.

[15] XAte. #mas v pgHes | Fi L0 e R e B H AR B 5T
[D]. #aM . fEEARMKE:, 2005: 10.

[16] FH, SZWuE, fhatdk, % ki 14 DFIEF B
AT BT, 2015, 34(4); 86-89.

[17] fhatagk. ARREE B 0 AL 18 AU R AVl A iR i gE LT .

Mol RR2EBFST . 1993(6): 654-660.
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1987(2) ;. 40-46.

[19] fhsits, FIsam. iR E R RBESHME 5K
Fpe[T]. MOl BRERgE. 1998, 11(4): 361-369.
[20] ThUig, K55, fhashr, 45, MBS 7618 M i PRt
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440,
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ZERBFEEEFENMENFESEESTH

ke, ERI,EE .k, FE B, F.F KEEL,BFEF
GHrR T XFAGHFZEESFRE, M 310018)

H OB PEHEM LU LARESRERY AT SR E AL RS BRI R R RS RAE®R
TAE ZAGHAT A BB . RN AT RS A AR it 2 Bk 0 Ik WZZ6 Ao WZZ-25. 5 itk
—F BN, ERAN WZZ6 Fo WZZ-25 W k3 AT (Ilyonectria mors-panacis) J& J& J- T H 8343 o 47 5] &
T 2.8 2 K AL 50% 3 BBk WZZ6 8 58 72905 2 5 AR IRE B 6 AR AT
B3R A5 AR L B 5 AR A 100%, 165 rDNA % % 2 R R 7 WZZ6 Ao WZZ-25 4 71 3% r F T AT
(Bacillus amyloliquefaciens) Fo 4k 3 5 AT H (B. subtilis) » - 31 A8 5 7] A 1000642 9956, 37 # th WZZ-6 Fo
WZZ-25 B 2 A ZCARE T 2 Ur 6 a9 #7414

KER: ZLRBR; AAR;BRA; AW

HES %S, $685. 13 XHRARERS: A SXEHS: 1673-3851 (2019) 11-0806-06

Screening and activity analysis of antagonistic bacteria

against root rot on Panax notoginseng
SHEN Yongchang » CAO Beibei , HU Miao, ZHANG Shuaishuai, LI Jin, PU Qian,
LI Ou, ZENG Guohong , HU Xiufang
(College of Life Sciences and Medicine, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The development of cultivation industry of Panax notoginseng is seriously affected by root
rot. To solve this problem, efficient and stable antagonistic strains were screened for biological control of
root rot of P. notoginseng. Two atagonistic bacteria (WZZ-6 and WZZ-25) were screened from P.
notoginseng plants by plate confrontation test, and their activity was further determined. The results show
that strains WZZ-6 and WZZ-25 had good inhibitory activity against the pathogen of Ilyonectria mors-
panacis, and the growth inhibition rate of mycelia of the bacteria was over 50%. The antibacterial rate of
Strain WZZ-6 was as high as 72%. Both showed strong antagonistic effectagainst the root rot of in
vitrotuber and plant of P. notoginseng, with the control efficiency of 100%.16S rDNA determination
result shows that WZZ-6 and WZZ-25 were Bacillus amyloliquefaciens and Bacillus subtilis, respectively.
The sequence similarity was 100% and 99%, respectively. The screened antagonistic bacteria are expected
to become new materials for biological control of P. notoginseng root rot.

Key words: Panax notoginseng root rot; endophyte; atagonistic bacteria; biological control

0 31 B (Ilyonectria mors-panacts) K =-E AR JE 95 R0

- R 7 =i B2 e 7 0 B

SR AR P AR AL SSHRER I K AR 07 % R
Rt S R A H 2, R (R TR

Wk H 9 :2019—04—25  MIZEHAR A M. 2019—10—09

BETUH < E K QAR R AT H (81673537) 5 WiVl A4 H s &L T H (2015C02030)

FEZ T A 1994 — ), 55 LRI B FE A, 322 NG W2 07 T 9T
WAEVEE W5 F5 , E-mail: huxiuf@zstu.edu.cn
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H PR = BB AR LR, & i 3 2
B Hrp = AR 1Y A6 T A5 Ry i 3 = R
PR AR T B Rk BRI = AR 1
B — I 5 e ] =L b 2 44 (e e e
MEZE RS . YRTEh 25 19 B A A AL
RZjBIE R AL T B vh 256 & %
2 AN I B SR A 1 AT PRI 2
(AL, 1 ELX A i B it 1 A Jg il

A A 77 B i Y AR T Ak
27 R R AN ) T HLARRA 4 AR O
T E BRIy 1 AEA A R T T LR B
BB EA TR T E R Y HRTET, BRTeAE
AW R B A TR R 7R R AR s A 2 1Y
RO A S R G IR IFHE A S R SR A
Y2 SR T HR S e R A T AR A
Y. W =L N AE B E ST R AR A
Wi 1) A= BT ia S B E B R RN AE R RN S
AR AR A AT DR = IR B A A AL
TR UE = b JEURE A “ 8 b0 =B AR R
BRI A= 77 5 T I 32 A 455 A By T 0 R R R
A 5 AR TR B A W R R R L BRI = AR
Joa i BRI 2 AR = E A Y B BIASCR A
FART KSR M RER e R =k
AR L — 2L Vet 87 ARIEHUAN T » Horp 2 AT 8
MR AR Y-4-70, X-5-15 il X-5-32 X 58 I A 0 14
(Cylindrocaipon destructans) ELA % ik B30 ] 17E
F. AEB EERFIE T Wk B S R B e A P 2
L TRXY-34-1 % = = -0 o B 244 3 A 15 40
TEPE. DL BRI OR AT 2 AMSOCR IS Sk, 7R 4=
P BRI R B

HTT, Ilyonectria J&i J5 # AE V) B iGN A TR A
o 4T Gt TR R 2 LR STE R NS O N ot
PRrb o BN AR RS BTN TR %0 B SR AT I
N =R BT IR SR R AR RS U AR

1 MREFE

11 B

P TR = AR e e I I TR A A R
(Ilyonectria mors-panacis) G3B, I AR SL 46 = /1 B
PRAF . S HUEDR A A SR 2 =R N 20 85
PRAFH P A= 20 T 7 2 £ ok 7 2B S T A T

BRI 7 3L 1. mors-panacis G3B ] PDA 5%
FREERSR s Al ] NA BB IR

=LK R B S =R AE R T

=R EAREEE ) R B MR RS RO
1.2 B/AHE
L2.1 5Bk

SR AV AROGT URF 7 32 0 e 45 B 7« FH TR AT L
1 PDA EAKBY 1. mors-panacis G3B B %%k,
FTALIRIG RS (B8 T 87 (9 PDA 5555 - Al b e 78
FCpu A SR R SRR 2 3 em PO £ E L 43
CE R EA 10 pL A GREEZY A 10° 4~/mL)
(I TCTRIRAR Fr s AN AT 3G 7R LA 25 O R
MEPRE S 3 W ARIEE T 22 ‘CIY R SR AR h B 57
7~10 d. P B Y T s BLAR TR IR 51 A2

A .
M/% =(L,—1L,)/L, X100 (D

Hod . M R HHIR, Y05 Lo b B R 37 1R V% ELAR
mm; Ly AXFIRERE SR RV ELAE , mm,
L.2.2  $5PUBE RS A
1.2.2.1 =LEEY A

PR IE T 1. mors-panacis G3B 7E PDA FE{A&#]
MR TR BiGfk, 22 CHEREE AR R 7~14 d,
Jow dd Hy O BT filFIF 6 AL 10° 4~/ mL 27 W
ML TR NA B IR G 55 05 SRR+
PrAmwE bk, H AL 10° A~/ mL HEWR . KRR =
BRI K #EYE 30 min, 70 % RS 20 s, 3%09K
SRR UL 3 min, FIJCH ddH, O w5 ¥
FHTEH FAR T R B R TIH R AR VI 5 mm JE A3
A (R B IR ZE B, BT & A TR I8 4R iy 1S
FRILA KEFRMLA AN 1 mL TR KPR . 2055k H
PRIV U I TRV A 42 1 7 R UK A2 P 5 0 4t o
VLR LR S350 R 20 pll, FEDUANTRHETT 24 h$2
Pl MR BT 22 CREFR.7 d JR A& RRTE N 5
TR R AR I FE T B k2% SCik 4, 131,
IR BGRCR . WE0E CKAETLH A 5 HT
PR ZAS ORI D TR L A A P A Ak 3L A Ak 3
W3NHEE,
1.2.2.2 Z-LB{khzg

W IO ) = LR AR R ZRIR AE 10° 4~/ mL
FIFE BT R L 20 min J5 B A #8110 G 1
RAIEFRILA . (R 24 hJ5 BN 10° 4> /mL (1)
filFRETF R 10 min, KPARCE T 22 CHEIR
KeR A R 0. 7 d 5 ge it & e R AU 1 48 4L
TRI TR B AL B | = B R R S AR IR 1) 53 SR
TSR IR =R @ 1 [N B € N 10 = Ay 7. [
1.2.2.3 =LAtk

LRI T 2 Sl B 3 MR R T
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B B HE PR (10° A/ ml) $£ R0 T =LA FR
MRIEHR .5 mL/FR; 24 h e SR FIREAR ik 45 J iR
AR 6L 58073 S I BB AR 4 1 =& R AR A AR
PR MR ST 2 4 T B ol DR R (10°
A/ml) .5 mL/#k. CREAERR 22 CHIY RS SRAH HIF
PR 7 d IR A A B B0 GE T K e SRR I

FaHL,
1.2.3 fEPiWmsE
1.2.3.1 JBEEWEL

W 5 BRFS B Al B B2 FP T NA [ AR R 3 1
30 CHEFF 36 h Jm, W45 H I KBS . IF X T
PR T 22 IR R R IAOE S
1.2.3.2 47U

W20 R TR MR AP T LB WA SR, 30 °C
220 r/min ¥E¥% 1% 14~16 h, It FIA, i CTAB
IR SE [ 4] DNA, HAR T 2% S0k 14 1,

1

PE—AERE 2 BRESHTAN O B [ i 22 42

KA AR 1, dige 1 alA, kR WZZ-6

55 WZZ-25 X I i B A 2 3 10 40 il 356 4

o T PR 22 (P A AR D 54. 800 i bk WZZ-6
(RSB P, SR A ik 72. 205

R ZEHEABEBENEER
L7 R [CEZSS
(NG i/ mm i/
WZZ-6 2.5 72.2
WZ7-25 11 54. 8

X REHURCR IR A5 DR WZZ-6, 3257kt
1. mors-panacis G3B B 22 52 W 45 R an & 2 Frw,
K 20 5 SRR 0 IR TA 22 40 1 LA — 2, 5t 5y
ARIE] AR I ERES A ] 2(h) W, bk WZZ-
6 X L A A T 22 A S R B VR P TR 22 SR i i R
T RASRH IR 53R 1T o BT, T 2278 i 40
2% MORE IR 5 A R PR A 1 A

PA4R U DNA A 584, R 38 514 27F. 5'-
AGAGTTTGATCCTGGCTCAG-3" fil 1492R: 5'-
TACCTTGTTACGACTT-3'# 47 PCR ¥, PCR
RN ZHZ 2 k14 5 F iR PCR 471 7= ) 44k
J& s R AR TR AT B w1, ) 45 2R
DNA Star # 17 % #r, 3+ #F National center for
biotechnology information P ¥4 | #E47 blast FEXit,
H Neighbour-joining method ( MEGA version
5. 0) MR AR I R G R B W YT EES % GRS .

2 FERE5HM

7 NES) ol v
T PR IRE RS R 6 4 B A =B A Rk Y 35
PRI AR 20 A T30 TR RCRAG I, 25 R R AT WZZ-6
M WZZ-25 ¥ getf i Z 3 1. mors-panacis G3B |
HER@E D,

2.1

RAERERE ST G3B HME R

2 WZZ-6 ML
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2.2 HEHiEHERN

2.2.1 =LY mgzE
WUGﬁWHmV%W“HﬁME%&Lﬁ

FPFEPUIG e 2, 25 R A 3 Fron, WA 3 Al 2

MRAEHLRAEPUICR AR I mors-panacis G3B Ab 3
(AR R TR K D S 357 L B S 1) JE R IR T A e
AT Ah 3 S A T TR T %, 25 1 6] HE L RS B 1R Y
PR Fr 247

B3 HREN=tRIRREHFIIEIZR

FEPUEXT = -EZEBAR R B IR SRR 4 Fr
N B4R, 2 MRIEPURFE IR AR, 1. mors-
panacis G3B ZbPRAY — 25 Br 1 & ] B0 B I

B4 #Hi

K5 o 2 AU 7E =LA R b o
TR R PTRcR ., K’ 5D R, 1. mors-
panacis G3B AL = BT R U J5 B2 R 2 5 55 1
AW R A SRS w5 (b) I 5(e) B, 2 Bk

P4 JE DUSCREER. 7 455470 T A Sl 5410 o) 25 O 28
MENS LR 25 Bog s

B = EERREHEHMHIZER

FERUE WZZ-6 f1 WZZ-25 ¥4 5 2 3 41 9% JE 1 51
B ARYT AU 2 B 5 (o FTE 5 Ce) it
TR AL TR TR A A I R AR = L R R

B 5 HaExd=taEuRrilHsR
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FEPURES = LA PR RO GE T T AT 45 R I
222, hF% 2 011, WZZ-6 Fil WZZ-25 X955 G3B H
A BERFEPRCR, Hrh witk WZZ-6 XF = -LHAR I
FHAR PRSI RRIAE] 10026, % =-EZEBHBIR

FIRF 80.07%., Btk WZZ-25 % =L H AR H (105
PHRBTIGZ N 88. 89%% A =L 2L B KR IIBTIG R A
100%, DA 25, 2 NS W30 1. mors-
panacis G3B 5 [ =L HARFZER L .

®2 FEREXNZ=ZEARRBEEMERERFEIDEIZR

- =-ERY A =LZEU A =-bE kL
FRIETREL Vo BRiasics/ % RISy % BRiasics/ % RISy % B IR R/ v
CKOCBH X D 0. 00 — 0.00 — 0. 00 —
CK1(BHP:XF 8D 100. 00 — 83. 33 — 100. 00 —
WZZ-6 0. 00 100. 00 16. 60 80. 07 0. 00 100. 00
WZZ-25 11.11 88. 89 0. 00 100. 00 0. 00 100. 00
2.2.2 =LAk ¥k WZZ-6 F1 WZZ-25 (f) =-E Rk A R AR

PE— 2L RIE 2 BRI A S BTN R = AR A AR
MRS PURSCR IR 3 IR 6 iR, 2% 3 M, 3R e

A 0, B 2 45T 1 10 35 1 i A AR AR
JE R A BRI A 10000

®3 ERAENZ=LEKREEHR

FRARTS FRIETREL Vo iR acR/ v 5002 F K- 162 5K
CKOBHH:XT D 0. 00 — — —
CK1 (PR XT B 100. 00 — — —
WZZ-6 0. 00 100. 00 a A
WZZ-25 0. 00 100. 00 a A

TEa R 50225 KF 1 WZZ-6 Fl WZZ-25 BHARBCRAHIR s A FoR 10225 KF T WZZ-6 Fl WZZ-25 BARCRAHI .

B 6 HiEN=tERRERIIEIZR

&l 6 RSB im x =L 2 AR AR I ISR .
6(d) Eor, 1. mors-panacis G3B AbFE ) =1 Z Ak HH
it I 7 AR ZET 5 1] 6 (h) R 6(e) B, P
FEYiE WZZ-6 f1 WZZ-25 ¥ Z M ® 1. mors-
panacis G3B XF =L ALY WAE T 5 & 6 (o) FIE 6
CO) 156 BAFE BT A RN L R TR A5 Ak L S8 =2 400 o 3 L
X =LA .

2.3 EHEMEE
2.3.1 JEB%EE

FE NA PR WSS 2 D HEPUR I R 22, i
FA PR, R4 BR BIRRHIEZ 06N % 15
R R IE IR /R L AR AR 2R
FEE AT BB AR AL . R UL R Ak WZZ-6 F1 WZZ-
25 J& T 2 IR PR
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R4 EREEENE ST

JEBFHIE WZZ-6 WZZ-25
PR S e
(LM BUE 3 [5] 7 [5] 7
TV B AR A
WY& B o LK B R in )
BRI S LTALE] S TALE]
BE RN/ (mm+30 h D) 3 4
HE KGR 12 12
R FER i AEPINDRER VN
Y (0. 68~0.95) X (0. 75~0. 86) X
R/ (1.55~2.78)  (1.95~2.98)
2 YL fh, + +
EEil + +
2.3.2 HTUE

HE— 2P BT 16S rDNA J7 51 73 #4743 7 48
52 » blast X HE M 45 R R - WZZ-6 Al WZZ-25 ¥
J& T2 AT TR 43501 A A VE B 2 B T (Bacillus
amyloliquefaciens subsp. Plantarum FZB42) FIkl
BRI AT # (B. subtilis subsp. spizizenii ATCC
6633, HUF S [ PEPES:01 2 99 761 10024,

3 &% it

AR S 3 7 R 53 B8 e AR — AR A U AR
PEATA IR G  EEABIT

) A SO = AAERR I B AT PR R R A
HFRTERY ZE AT B (B, amylolique faciens ) L &
EHFFE (B. subtilis) .,

b) T Ak 435 470 T 24 A RO e IR L. mors-
panacis G3B 51 =L HAR  ZEFARR A E L, B
TARUR IR 10000, 76 =L Al b R 848 1 i H
A5

ST R 2 ST TR B 25 A TR A B Pt
PERCSR A ZF A 2 AR A 77 v AR SCEE R T
VA TF R AN PS4 T A1)

S HK:
(1] 2455, Far. e =-Er2s A Ea )] NEEh
HEEZ, 2015, 34(3): 52.

(2] VR, FRoa, FEVK. S5 S0l =-EAR e s R B 1Y
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Effect of intermittent fasting on hepatocarcinoma progress in nude mice
FENG Cui*,ZHAO Ruibo"’ , J IA Xiaoyuan® ,KONG Xiangdong® ,CHEN Kan*

(a. College of Life Sciences and Medicine, b. College of Materials and Textiles,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To explore the effect of intermittent fasting on the progress of hepatocarcinoma, BALB/c

nude mice were injected subcutaneously with Huh?7 cells to establish the tumor model. Subsequently, the

effects of intermittent fasting on hepatocarcinoma formation and growth, physiological function of liver,

blood fat and blood glucose were analyzed. The results showed pathological changes of hepatocarcinoma

caused by subcutaneous in jection of Huh7. Compared with the control group, tumor formation rate of

intermittent fasting mice was low, and in the same time period, tumor size of intermittent fasting mice

was small. In addition, the data from serological experiments showed the liver function of intermittent

fasting mice had less injury. This study suggested that intermittent fasting could inhibit the formation of

hepatocarcinoma, which is expected to be an effective way to inhibit or relieve tumor deterioration.

Key words: intermittent fasting; hepatocarcinoma; tumor formation; Huh?7 cells
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Study on the relations of some polynomial sequences

related to the Riordan arrays
ZHANG Chenlu , WANG Weiping
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: By using the decompositions of Riordan arrays and umbral compositions of polynomial
sequences, the relations among some polynomial sequences are studied, including the Lucas-u sequences,
the Lucas-v sequences and the polynomial sequences related to the Riordan arrays T'(o(2) | (1—bt —ct*) /a). The
relations among Chebyshev, Fermat, Fibonacci, Lucas, Morgan-Voyce, Pell and other classical
polynomial sequences are further obtained. As a result, the works of LLuzon et al. are generalized.

Key words: Lucas-u sequences; Lucas-v sequences; Riordan arrays; umbral composition
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analytic properties of certain combinations defined in terms of F(a,bs;a + b;x) and some
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0 Main Results

For real numbersa,b,c(c %40, —1, —2,+++) the Gaussian hypergeometric function is defined by
o N\ Gasmd)ban) xt

Flasbicsa) =F i (asbicsa) = 2)7(”7) o

where (a,0)=1fora 40, and forn=1,2,++, (a,n)=a(a+1)+(a+n—1) is the shifted factorial function.

The function F(a sb;c;x) is said to be zero-balanced if c = a + b. It is well known that FF(a ,b;c;x) has wide

|z <1 (D

important applications in many fields of mathematics, and in physics and engineering as well [ 1-4 ]. For the
properties and applications of the hypergeometric functions, the readers are referred to [1, 3, 5-8].

It is also well known that many other special functions in mathematical physics are particular or
limiting cases of F(a,b;c;x). For example, the generalized complete elliptic integrals of the first kind are

defined as
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*, :%(r):gﬂa,l—a;l;ﬁ),ﬂ</:ﬂ<;(r>:ﬂg(/),

forr € (0,1).r'=V/1—7r% and fora € (0,1/27], while K= K(r) =K, () and K =K (r)=K",,,(r) are
the well-known complete elliptic integrals of the first kind (cf. [1, 2, 9-10]). Clearly, X,(0) =x/2 and
K, (1) =00,

For real numbers 2,y € (0,00), the gamma, beta and psi (digamma) functions are defined by

oo

_ a—1 —t
PG =[ rerdr
_ I'HT Q)
B(I’y)_iF(Ier) (2)
(o)
()= I'(x)
respectively (cf. [1, 4. Clearly, (a,n) =T(n +a)/T(a). Let
y=lim(>] 1o logn ) =0. 577125664+,
n—>co k=1 k
be the Euler-Mascheroni constant, and fora,b € (0,00), let
Ra,0)=—2y —¢la) —¢) (3)

which is called the Ramanujan constant or Ramanujan R-function and plays an important role in the studies of
hypergeometric and quasiconformal special functions (cf. [7-117]). Clearly, R(1/2,1/2) = logl6.

Throughout this paper, for convenience, we let
B=B(a,b),R=R(a,b),B,=B(a+1.,0+1,R,=R(a+1,0+1),a=ab/(a+b),
F(x)=F(asbs;a+b;2),G(x)=F(asbsa+b+1;x),F. (x)=F(a+1.,b+1;a+b+2;2).

By (2) and [1, 6.1.15 & 6.3.5],

_aB

Be= "
R+:R _i
a

During the past few decades, many authors obtained various properties for X and XK., some of which
have been extended to the hypergeometric functions (cf. [3, 5-10, 12-15]). Among these results are the
followings:

a) In[6, Theorem 3. 2(3) 7, it states that the function r+>r? K(r) 4+ logr’ is increasing (decreasing)
on (0,1) if and only if A <1 (X = &, respectively).

b) In [12, Theorem 2], it was proved that the functions r Hi,sin(r/ff((r)) and r H% cos( K(r)) are both
r r

strictly increasing on (0,1) with ranges (1,0°) and (x/8,1), respectively.

Based on these known results above-mentioned, it is natural to ask whether [ 6, Theorem 3. 2(3) ] and
[12, Theorem 2] can be extended to the zero-balanced hypergeometric functions. For instance, for what
values of A € (—co,00), the functionx = BxF(a,bs;a+bs3x) +2Alog(1—x) is monotone on (0,1) ? The
purpose of this paper is to give an affirmative answer to this question, by proving the following main
results.

Theorem 1 Fora.b € (0,00) withc= a+b, and for each number A € (—co,00), letf|(x) = BxF(a,b;
a-+b;x)+Alog(l —x) and f3(x) = f1(x)/x. Then we have the following conclusions:

a) [1(0)=0,f/1(1)=Rifx=1, f1(07)=coifA <1, and f1(17) =—coifx > 1.

b) If a << min{1,c/2}, then the function f, is increasing (decreasing) on (0,1) if and only if A <1
(A =B, respectively). If 1 <A <ZB, then there exists a numberr, € (0,1) such that f is increasing on (0,
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r1] and decreasing on [r;,1). Moreover, f,(— f,) is absolutely monotone on (0,1) if A <1 (A = B,
respectively).

c) If ab >=max{1,c/2}, then f, is increasing (decreasing) if and only if A <CB (X =1, respectively).
If B <A <1, then there exists a numberr, € (0,1) such that f, is decreasing on (0,7, | and increasing on
[r,,1). Moreover, f1(— f1) is absolutely monotone on (0,1) if A <CB (A =1, respectively).

d) In the case whenab < min{3 —c,(c+1/3},if A< min{ab,2aB} (A = 2aB ), then the function f,
is increasing (decreasing) from (0,1) onto (B —A, /(1)) ( (f1(17),B—21), respectively).

e) In the case when ab = max{3 — ¢, (¢ +1)/3}, if A << 2aB (A = max{ab,2aB} ), then f, is
increasing (decreasing) from (0,1) onto (B —A, /(1)) ( (f,(17),B —2A), respectively).

Theorem 2 Letc=a +b fora.,b € (0,00),

a) If ¢ <{1/4, then the function g, () = (1 — ) Y?sin(x (1 — x)*F (x)/2) is strictly increasing from

[0,1) onto [ 1,92). In particular, for eacha € (0,1/2], the function g,(r) = %sin(r/ﬂ(a (r)) is strictly

increasing from [0,1) onto [ 1,00).
b) For each § € (— o0,00), the function g;(x) = (1 —x) Psin(x (1 —x)*F(x)/2) is increasing
(decreasing) from [0,1) onto[1,00) ( (0,1) ) if and only if 3 =a (B << 0, respectively). If 0 << <«

then there exists a number 5 € (0,1) such that g is increasing on (0,75 | and decreasing on [r3,1).
) 1 . ) ) ) )
o) Ifa <C 1/3, then the function g, () = ;cos(rc (1 —2)*F(x)/2) is strictly increasing from (0,1) onto

(an/2.1). In particular, for eacha € (0,1/2], the function g5 (x) = r *cos(r'K, (+)) is strictly increasing from
(0,1) onto (ra (1 —a)/2,1). Moreover, fora.b &€ (0,o0) with ¢ < 1/3 and for allx € (0,1),

2arccosx ) 2arccos(amx/2)
7'[(1*1‘)2[1<F(a,b’a+b’1)< T[(l*‘l‘)zn (5)
and fora € (0,1/2], r € [0,1), andp =a (1 —a),
arccosr’ . arccos(mpr’®/2)
RS < K, (r) << 1 r)u (6)

1 Preliminaries

In this section, we prove two lemmas needed in the proofs of our main results stated in Section 0.

First, let us recall the following concept: An infinitely-differentiable function f defined on an interval
I is said to be absolutely monotone on I if f and its derivatives of all orders are nonnegative at all points in
I. Such kind of functions were first investigated by S. N. Bernstein (see [ 16 ]).

Next, we recall the following well-known formulas [1]:

_I'oINc —a—0b)
F(a’b;(';l)7F(C*a)1"(c*b)’a+b<C P)

dF(a,b;c;x)  ab

=—F(a+1,b+1;c+1;2) (8)

dx c
Flabic;0)=(0—2) “"F(c—asc—bjici;x) 9
BF(asbsa+b;2) =R —log(l—x) +0((1—2x)log(1 —2x))(x—1) (10)

We now prove two lemmas.
Lemma 1l Fora,b € (0,00) withe =a +b, and forn € N,={m| m is a nonnegative integer}, set

:(n+1)(a,n)(b,n) and b :(nJrl)(n +2)(a.,n)(b,n)
(cyn)n! ! (con+Dn! ’

a) Ifab<<min{l.,c/2} Cab>max{1,c/2} ), then the sequence {a, } is strictly decreasing (increasing,

n

respectively) inn € Ny, witha, =1 anda.. =lim,...a, =1/B. In other cases, namely, ¢/2 < ab <1 (or
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1 <<ab<c/2), there exists a positive integer n, =n, (a ,0) such that {a, } is increasing (decreasing) inn <
n1, and decreasing (increasing, respectively) inn = n,.

b) Ifab<<min{3—c,(c+1)/3} Cab>max{3—c,(c+1)/3} ), then the sequence {0, } is strictly decreasing
(increasing, respectively) inn € N, withb, = 2/c andb.. = lim,_...H, = 1/B. In other cases, thatis, (c+1)/3
<< ab<3—c (or3—c<<ab<(c+1)/3), there exists a positive integer n, = n,(a ,b) such that {b, } is increasing
(decreasing) inn < n,, and decreasing (increasing, respectively) inn == n,.

¢) The function 2, (x) = (tanx)/x is strictly increasing from (0,7/2) onto (1,c0),

Proof. a) Clearly, a, =1. By the asymptotic formula of I'(x) [1, 6. 1. 46],

lima 1 lim n+DI'n+a)Tn+b) _ 1
nrco B oases '+ DT +¢) B
It is easy to verify that
Ayt 1t (ab —1)n +2ab —c¢ ’

a, (n+1*n+c)
by which one can easily obtain the assertions on the monotonicity properties of the sequence {a, .
b) Similarly, we have the limiting values b, =2/c and .. =1/B. It is easy to show that
bt (ab+c—3Dn+3ab—c—1

Y AN | CTONES b S

from which part b) follows.

o) Tt is well-known, and can been easily proved by applying the Monotone 1°Hoépital’s Rule [ 3,
Theorem 1. 25 ]. []

Lemma2 Fora,b € (0,00),c=a+b,u € (—o0,00) and forx € [0,1), leth,(x) =F(a,b;c+1;
x)/Fla,bic;x) and hy () =1 —x)“F(a.b;ci;x).

a) h, is strictly decreasing from (0,1) onto (0,1).

b) I is strictly decreasing (increasing) from (0,1) onto (0,1) ( (1,00) ) if and only if 4 = a (x <0,
respectively).

Proof. a) The limiting values of i, are clear. By (1),

_ Z;T;ocnxu o (aﬂ’l)(b’n) _(a,n)(bﬂ’l)
h2(~r)*2:>, d l-n’c”i(chl,n)n! = (comin!
n=0_""

Since ¢, /d, =c/(n+c) is strictly decreasing inn € N, the monotonicity property of &, follows from [ 15,
Lemma 2. 1.
b) It follows from [8, Lemma 2. 15(1) ] and its proof. []

2 Proofs of the Theorems

2.1 Proof of Theorem 1

Leta, and b,be as in Lemma 1, and let H,(x) = B(1 — 2)F(x) + aBxG(x) — A. By differentiation,
(1D—(2) and (8), we obtain
H,(x — Ba, —2A

. D :
i (x) = 11_1‘ ,fl(x):Ifg(x):x”Z:;) —— x" (1D
H, (x)=B [ZQG(I) —F(2) +C“i“11~F+ (1‘)J:Bze”x” (12)
n=0
22— f, (@) =H,(x) =aH,(zx) — (1 —2) f,(x) (13)
1 , , — abBb, — A
LH/ @ =H@ =H/@+ [, =3 s (14)

wheree, = (a,n) (b)) (ab—Dn+2ab—c /[ (con+Dn! ]. It is clear that H,(0) = B—A and H,(1 ) =
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1—2A. By (12), (4) and (10), we obtain
—oo, ifab <1
/ ’ _ . GRJr eR .
H, (0) =@« —1DB,H; (1 ):2—0—hrr]1<abxlog1_1flog —1>: 2—c¢, ifab=1 (15)
‘ co, ifab>1

a) Clearly, f,(0) =0. By (10),

R, ifa=1

f1(17):lim(xlog ! — Alog I >J co, ifA<<1
ol 1—=x 1—=x

1* co, ifA>1

b) In the case when ab <  min{1,c/2}, we see thata <{ 1/2, andc =2 if ab =1. Hencee, >0, and it
follows from (12) that H,  is decreasing on (0,1) with H,"(0) =(2¢ — 1)B <C 0, so that H, is decreasing
from (0,1) onto (1 —2A,B — ). Therefore, by (11), the first two assertions in part b) follow.

Suppose that ab <  min{1,c/2}. Then by Lemma 1(a) and (11), all the coefficients of the Maclaurin
series of f| are positive (negative) if A <C1 (A = B, respectively). This yields the absolute monotonicity
properties of f.

¢) Observe that the condition ab > max{1,c/2} implies thatoe == 1/2, and ¢ < 2 if ab = 1. Hence it follows
from (12) that H,  is strictly increasing on (0,1) with H,"(0) = (24 —1)B =0, so that H,is strictly increasing
from (0,1) onto (B—A,1—2). This shows that f is increasing (decreasing) on (0,1) if and only if A < B
(A =1, respectively), and if B <)X <1, then there exists a number, € (0,1) such that f, is decreasing
on (0,7, ] and increasing on [ r,,1).

Next, in this case, it follows from Lemma 1 that forn € Ny,Ba, —A > 0ifA << B, and Ba, —A <<
0if A = 1. This, together with (11), yields the absolute monotonicity properties of f; and — f.

d) The limiting values of f; follow from (11).

Suppose that ab < min{3—c¢,(c+1)/3}. From (10), (12) and (15), we obtain the limiting values H, (0) =
—f1(0)=0,H, (1 )= H,(1 )= 1—A2.

abR+2—c, ifA= ab
H;(0) = 2aB—A,H;(17) = oo, A <<ab (16)
— oo, if A >ab
It follows from Lemma 1(b), (14) and (16) that H; is strictly increasing and convex (decreasing and concave) on
0, if X <Cab (A = 2aB, respectively), with H;(0) = 2¢B —A. Hence by (14), if A <{min{ab,2aB} (A
= 2aB ), then H, is increasing (decreasing) from (0,1) onto (0,1 —A) ( (1 —A,0), respectively). This,
together with (13), yield the monotonicity properties of f.
e) The proof of part e) is similar to that of part d). []
2.2 Proof of Theorem 2
a) Clearly, g,(0) =1, and if « <{ 1/4, then

- sin(w (1 —x)*F(x)/2) F(x) - F(x) -
g = 71 2 : (—4a)/2 _71 m = Nz
a1 x(l—a2)*F(x)/2 (1 — o) el (1 — ) (e
Leth; be as in Lemma 1(c), A, as in Lemma 2, and set u = w (1 —2)*F(x)/2. By differentiation,
2 (1—z)%?

g1 () =G, (x) =h,(w) + 2ah,(x) — 4a.

ucosu
By Lemmas 1(c) and Lemma 2, we see that the function G, is strictly decreasing (0,1) onto (1 —4q,0),

Hence the monotonicity property of g1 follows. The second assertion in part a) is clear.
b) Clearly, g3(0) =1, and

oy =T i FG@) sinG A — ) F)/2) _[oor i =a
o 2 om (I—2)F g (1—2)F(x)/2 0, ifg=0
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Putt = 5 (1 —2)*F(x)/2. Then by differentiation,

(1—x) gy (2)/sint =G, (x) = B—aGy (2,
where G5 (x) =[h(t) ] '« [1—h,(x)]. By Lemmas 1(¢) and Lemma 2, we see that G;(x) is a product of
two positive and strictly increasing functions on (0,1), with G;(0) =0 and G5 (1) =1. This shows that G,
is strictly decreasing from (0,1) onto (8 —a,f3) s and hence the conclusions in part b) follow.

) Let G,(x) = cos(x (1 —2)*F(x)/2) and Gs(x) = x. Then G,(0) = G;(0) = 0,g,(x) =
G.(2)/G;(x), and by differentiation,
TTZa - 784@ —Gy() = F(a) + [2— hy(a)] - ST ((1112?)2?@&(1)/2).

By part (b) and Lemma 2(a), if 1 —2a¢ =« namely, « <{ 1/3, then Gy is a product of three positive and

strictly increasing functions on (0,1), so that Gy is strictly increasing on (0,1). Hence the monotonicity
property of g, follows from [ 3, Theorem 1. 25].

The remaining conclusions in part c¢) are clear. [ ]
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Abstract: In this paper, the authors study sharp inequalities between the scale invariant
Cassinian metric and some hyperbolic type metrics. They also prove sharp distortion inequalities of
the scale invariant Cassinian metric under Mobius transformations from the unit ball onto itself or
from the upper half space onto itself.

Key words: the scale invariant Cassinian metric; hyperbolic type metrics; Mobius transformations

CLC number: O174.5 Document code: A Article ID; 1673-3851 (2019) 11-0829-06

AEATT Cassinl EENHEHAZLRX
WINE, TR

GHiT3 T RSP0 310018)

O E: A TWERE Cassini B35 — iR Z B4 ILI £ A&, B EW T A4 R L Cassini B3 /8 $ 425K v 3
B4R ET R B Fes Mobius % 3 F e945 5518 £ R E X,
KEIE: W4 R & Cassini F2; XA B ; Mobius £#%

0 Introduction

Due to Liouville’s theorem, in the higher dimensional Euclidean spaces the hyperbolic metric can only
be defined in balls and half spaces. As generalizations of the hyperbolic metric, hyperbolic type metrics
defined in general domains in the higher dimensional Euclidean spaces play important roles in the study of
geometric function theory. Compared with the hyperbolic metric, they have the advantages of being easy to
calculate and estimate. The comparison between hyperbolic type metrics and the distortion properties of
these metrics under Mobius transformations are two main themes of this research.

Recently, the scale invariant Cassinian metric was introduced by Ibragimov in [1]. Some basic
properties and distortion inequalities of the scale invariant Cassinian metric under Mébius transformations
were investigated in [1-3]. In [1, 4], the authors studied the comparison between the scale invariant
Cassinian metric and some hyperbolic type metrics, while some statements about the sharpness of
comparison are missing.

In this paper, we continue the research of the scale invariant Cassinian metric. We study sharp

inequalities between the scale invariant Cassinian metric and the absolute ratio metric, the half-Apollonian
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metric, the Apollonian metric or the Cassinian metric, in the sense that there exists a domain such that the
equality holds for some pair of points in the domain. We also prove sharp distortion inequalities of the scale

invariant Cassinian metric under some families of Mébius transformations.

1 Preliminaries

In this section, we recall the definitions of the hyperbolic metric and some hyperbolic type metrics.
For a domain D € R" and >,y € D, the scale invariant Cassinian metric is defined by

| o —y |
( R )_1 <1+SU >
tp(xsy 0g e S x—p |l p—y|

The hyperbolic metrics pp, and pp. of the unit ball B*={z € R": | = |[<1} and of the upper half space
H"={(x,,*y2,) € R":x, >0} are defined as follows. By [ 5, p.40] we have forz,y € B",

ShPBlz(Iay): \x*y\
2
and by [5, p.35] forx,y € H",
chom (2+3) _HM'

It is well known that the hyperbolic metric provides a powerful tool in complex analysis and geometric
function theory, and many theorems have more natural explanations under the hyperbolic metric than the
Euclidean metric.

The following lemma shows the relation between the scale invariant Cassinian metric and the
hyperbolic metric.

Lemmal [1, Theorem 3.8; 3, Theorem 4.1, Theorem 4.4] Let D=B" or D=H". For allx,y €

D, we have

1
Z‘OD(I’y) p(x,y) < epx,y).

Both inequalities are sharp.
Let D be an open subset of R" =R" |J {co} with card 9D == 2. The absolute ratio metric §p is defined
as (see [6]

Op(x.y) =log(l+ sup, | a,x.b,y |)
forallx,y € D, where

|a,1',b,y |: :a JHJ y\

a—x|[b—y] | co—z |
is the absolute ratio.
Let D be a proper open subset of R" and for all x ,y € D, the Apollonian metric ap is defined as
ap(x,y) = sup log | asxsy.b |.

abe

Note that ap is a pseudo-metric in D. It is, in fact, a metric if and only if R*\D is not contained in an
(n — 1-dimensional sphere in R", see [ 7, Theorem 1. 1].

The absolute ratio metric and the Apollonian metric coincide with the hyperbolic metric if D is the unit
ball B" or the upper half space H", see [ 8, Lemma 8. 39] and [ 7, Example 3. 2, Lemma 3. 1]. It is easy to
see that both the absolute ratio metric and the Apollonian metric are Mobius invariant. They are useful in
the study of uniform domains.

In [ 9], Hasto and Lindén gave another form of the Apollonian metric:

ap(x,y) =suplog —— la—y | -+ suplog
a€aD |a—x |  se | b—y |

| b— x|

(1
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Using only one term in the right-hand side of (1), Hist6é defined the half-Apollonian metric as
follows.

Let D be a proper open subset of R" and for all x,y € D, the half-Apollonian metric 55 is defined as
(see [9]

b
Ely—p]

Note that p is also a pseudo-metric in D, and a proper metric whenever R"\D is not a subset of a
hyperplane (see [9, Theorem 1.2]). By [7, Lemma 2. 2 (1) ],
ap(x,y) =yp(x.y)

7o (x,y) = %up

where D =R"\{{,c0} for any { € R".
The half-Apollonian metric is bilipschitz equivalent to the Apollonian metric.
Lemma 2 [9, Theorem 2.1] Let D S R" be a domain. Then the double inequality

%ap(l,y) 7o (x,y) <ap(x,y)

holds for all x .y € D. Both inequalities are sharp.
Let D be a proper subdomain of R" and for all x,y € D, the Cassinian metric ¢p is defined as (see [10])

cp(x,y) =sup [z — |
b e | x—=plly—=pl

The Cassinian metric and the hyperbolic metric in the unit ball are related by [11, Corollary 3. 3]

1
CBa (x 7}/) > ?‘OBH (.T ,y).

2 The r -metric and some hyperbolic type metrics

In this section, we compare the rp -metric with the absolute ratio metric 8p, the half-Apollonian

metric yp » the Apollonian metric ap, and the Cassinian metric ¢, respectively. In particular, the sharp

inequalities between the 7 -metric and these hyperbolic type metrics are studied.

Theorem 1 Let D € R" be a domain. Then the double inequality
é‘n(r,y) plxsy) <oplx,y) (2)

holds for all x ,y € D. Both inequalities are the best possible.

Proof. The double inequality and the sharpness of the right-hand side of (2) are the facts of [4,
Theorem 5. 2.

For the sharpness of the left-hand side of inequalities (2), we consider the domain D =B", then §p, =

1. .
op. By Lemma 1, the constant s the best possible.

This completes the proof.[]
Theorem 2 Let D € R" be a domain with dD £ (/J. Then the double inequality

27}9(1»3}) p(x,y) < Zr]D(x,y)+log3 (3)

holds for all x,y € D. The constant% in the left-hand side and the constant log3 in the right-hand side of

the inequalities are the best possible.
Proof. The double inequality is the fact of [1, Theorem 3.5].

1. . .
For the sharpness of the constant - in the left-hand side and the sharpness of the constant log3 in the
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right-hand side of inequalities (3), we consider the domain D =R"\{e,}. Let y =—a =te, witht > 1. By
[2, Proposition 3. 1], we have

- 2t
p(x,y) = log<1+ﬁ) and gp (x,y) = log i ii
We further obtain
2t
- log(l + - )
lim Tz)(f,y):hm =1/ 1
1 gp(x,y) e 2 2
10g<1 + 1 1)
and
e 1 L 2w+ —1 [(—1|
}L{E<rp(x,y) ZqD(I,y)>—}L;glog 7 Z+1J—log3.
This completes the proof.[]
Theorem 3 Let D & R" be a domain. Then the double inequality
1 ~ 1
—ap(x.y) <rpla,y) < —aplax,y) +log3 4)

4 2

holds for all x,y € D. The Constant% in the left-hand side and the constant log3 in the right-hand side of

the inequalities are the best possible.

Proof. The double inequality follows easily from Theorem 2 and LLemma 2.

For the sharpness of the constant o in the left-hand side of inequalities (4), we consider the domain

1. )
D =H", thenay, =pu.. By Lemma 1, the constant o the best possible.

For the sharpness of the constant log3 in the right-hand side of inequalities (4), we consider the
domain D =R"\{e, .0}, thenap =np. By Theorem 2, the constant log3 is the best possible.

This completes the proof.[]

Theorem 4 For every domain D € R* the inequality

plx,y) =log(l+rcp(xy,y))

holds for all x .y € D, where r =min{d (z),d (y)} andd (x) is the distance from = to the boundary of D.
The inequality is sharp.

Proof. Let p € dD such that

| —y |
(x,y) = .
O e —p [ p—y ]
Then
?D(x,y):10g<1+ il )
lze—pllp—y]

=log(U+VTz—p [l p—ylcpa.y)
= log(1 +rep(ay,y)).
For the sharpness, we consider the punctured space D, =R"\{p}. Let x,y € D, with | x —p |=
| y —p |. It is clear that

p(x,y) :log<1 +

x_?)>—log(1+| y—2p | colx,y)).

Hence the inequality is sharp.[ ]
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3 The 7 -metric and Mdbius transformations

In [ 2, Proposition 3. 1], Mohapatra and Sahoo gave a formula for the 7 z.-metric in the special case
when x =ty (x,y € B") witht € R\{0}. In [ 3], the authors studied the geometry of the 7 .-metric and
obtained formulas for this metric in more special cases, some of which will be used in the proof of the
theorems in this section. They also proved that zp -metric is not changed by more than a factor 2 under
Mbébius transformations, see [ 3, Theorem 5.1 .

In [1], Ibragimov showed the following distortion inequalities of 7 5. -metric.

Theorem 5 [1, Theorem 4. 2] Let f be a Mobius transformation of B*. Then

%?B,, (x,y)—logiggm(f(x),f(y)) < 27pn (I,y)+log%

forallx,y € B".
The following theorem improves the result in Theorem 5 when f is an inversion in some sphere

S" ' (a* ,r) with center a * and radius r.

Theorem 6 Fora € B"\{0}. Leta* =

L‘Z, r=v]a" |*—1and f(z)=a" Jrrzwbe the
a

\ |z —a" |”

inversion in S"'(a * ,r). Then f(B") =B" and for all x,y € B",

%;Bu (-T 7y) < :;Bn (f(l)vf(y>) < 2;[371 (I 9y).

Both inequalities are the best possible.
Proof. The double inequality is clear by [ 3, Theorem 5. 1].

For the sharpness of the right-hand side of the inequalities, let a =re, With% <t < 1. Then r =

1_t~.PuttingI:(1—z‘)el and y =—(1—1t)e,, we have
. _2t—1 . B 1
f(x)_il—tthzel and f(y)—71+t_tzel.
By [2, Proposition 3. 1], we have
) | | log<1+ 2(1—[)(1?+Z) : )
i T2 (f(x),f(y)):hm tCQ—0A—t+HA+r =)
ot Tpa (T5y) 1 1og<1+u>
Vi(2—1)

Thus the constant 2 is attained. The sharpness of the left-hand side of the inequalities can be seen by
Sy . 1. .
considering the inverse of f and hence the constant o i also the best possible.

This completes the proof.[ ]

(z—a)

Theorem 7 Let f(2)=a-+r* be the inversion in S" ' (a ,7) with Ima =0. Then f(H")=H"

| 2 —a |?
and for allxz,y € H",

%;m (o) <z (f) s () < 2t (ay).

Both inequalities are the best possible.
Proof. The double inequality is clear by [ 3, Theorem 5. 1].
For the sharpness of the left-hand side of the inequalities, let a =0 and r =1. Put x =e, +te, and y =

el +%€Z with 0 << ¢t <<+/2 —1, then
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1 t . 1? t
e 1+t262 andf(y)—1+tzel+1+tzez.
By [ 3, Lemma 3.11 (1), Lemma 3. 12], we have

f(l): 61"‘

1—¢
_ g )
@ o AT

=0t T (e y) o log(1+%*[>

Thus the constant - s attained. The sharpness of the right-hand side of the inequalities can be seen by

considering the inverse of f and hence the constant 2 is also the best possible.

This completes the proof.[ ]

4  Concluding Remark

There are several hyperbolic type metrics which preserve some characterizations of the hyperbolic
metric and hence are useful in the geometric function theory. Different hyperbolic type metrics have their
own interests in the applications to specific problems. There are close relationships between hyperbolic
type metrics as the results of the present paper show. The sharp inequalities obtained in this paper are

expected to be helpful in the study of the metric ball inclusion problems.

References:

[1] Ibragimov Z. A scale-invariant Cassinian metric[J ]. The Journal of Analysis, 2016, 24(1): 111-129.

[2] Mohapatra M R, Sahoo S K. Mapping properties of a scale invariant Cassinian metric and a Gromov hyperbolic metric[J].
Bulletin of the Australian Mathematical Society, 2018, 97(1).: 141-152.

[3] Wang G D, Xu X X, Vuorinen M. Remarks on the scale invariant Cassinian metricl EB/OL]. (2019-03-21)[2019-06-26 ].
https://arxiv.org/abs/1903. 09099.

[4] Mohapatra M R, Sahoo S K. A Gromov hyperbolic metric vs the hyperbolic and other related metrics[ ] ]. Computational
Methods and Function Theory, 2018, 18(3) . 473-493.

[5] Beardon A F. The geometry of discrete groups| M ]. New York: Springer-Verlag, 1983.

[6] Seittenranta P. Mobius-invariant metrics[ J ]. Mathematical Proceedings of the Cambridge Philosophical Society, 1999, 125(3);
511-533.

[7] Beardon A F. The Apollonian metric of a domain in R” [ M]//Quasiconformal Mappings and Analysis. New York, NY:
Springer New York, 1998. 91-108.

[8] Vuorinen M. Conformal Geometry and Quasiregular Mappings[ M ]. Berlin; Springer, 1988.

[9] Hasto P, Lindén H. Isometries of the half~Apollonian metric[ J]. Complex Variables, Theory and Application: an
International Journal, 2004, 49(6). 405-415.

[10] Ibragimov Z. The Cassinian metric of a domain in R" [ J]. Uzbekskii Matematicheskii Zhurnal, 2009(1); 53-67.

[11] Ibragimov Z, Mohapatra M R, Sahoo S K, et al. Geometry of the Cassinian metric and its inner metric[ J ]. Bulletin of the

Malaysian Mathematical Sciences Society, 2017, 40(1): 361-372.

(RERE:F %)



WOTE T KR, 2019, 41(6): 835-840
Journal of Zhejiang Sci-Tech University
DOI:10. 3969/j.issn.1673-3851(n).2019. 06.020

BB #1128 [o) B oF 480 22 ) 4% i ST S0 1 40 A

S, A=

(Hrir T KRFRFR.4MN 310018)

W OE: A TRREANZREL JHAYZ W %6 R TR H 15 R AR E AT 2 P L M0 5 A7 69 7 ik 3¢
L ATMSMES AT, BAAR T Lo R A M E - MR EM B GBRARS R LK HRAZHF T 5 54t
Hoax ANk X P 6820 SRR A ALAR 6 Bk B B 2 M A T LB AR B 4 B Ak, FIRE, NI L 54T 7 ALZ d ik
HAY 22 P 25 WIS R LI SR 2 T B BB AY 2 0 S0 38 A i bl Y, RO R R — AN SRk h R 3ig
ERL BT KRIIFEF G,
KB : AVZE M FAF T F 7 o WU 547 35 4 B 3 12 & 8 R 30 LR R & 3
hEHFES: TP391 XERFRRS: A NEHS: 1673-3851 (2019) 11-0835-06

N

B

Convergence analysis of stochastic radial basis function neural networks
ZHANG Yuao, HU Jueliang
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to explore the function approximation ability of radial basis function neural
networks, convergence analysis method of random weight feedforward neural network was used to analyze
its convergence. Firstly, the properties of generalized § function were utilized to construct a limit integral
expression of approximated functions, and then the integral in this expression was calculated by the Monte
Carlo method to prove that the radial basis function neural networks can approximate any continuous
functions. At the same time, the convergence characteristic of stochastic radial basis function neural
network was theoretically analyzed, and it was found that the convergence error decreases gradually with
the increase of neuron nodes at the hidden layer, which shows that it is an efficient function approximator
and has the potential to deal with big data problems.

Key words: neural networks; Monte Carlo method; convergence analysis; continuous functions; radial

basis function; stochastic radial basis function
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