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(57) Abstract: A method for preparing a germanium/graphene/titanium dioxide nanofiber composite material, and a metal ion bat-
tery. The method comprises the following steps: preparing germanium/graphene nanofibers by using an electrostatic spinning method,;
preparing titanium dioxide on the germanium/graphene by using an atomic layer deposition method; and carrying out follow-up pro-
cessing on the obtained germanium/graphene/titanium dioxide nanofiber composite material. The inner core nanofibers of the germa-
nium/graphene are covered by a titanium dioxide thin film, and according to the integrity of the structure is ensured; the graphene and
titanium dioxide can provide dual protection for germanium nanofibers, thereby preventing the germanium from being damaged due to
the volume expansion during charging and discharging processes. The prepared nanocomposite material has outstanding electrochem-
ical performance, a high capacity, outstanding cycling stability and good rate performance.
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53.68°, 66.01°%= 72.8°¢4 204 A 2 B T & RNE 27484549 (111) , (220) ,

(311), (400)F= (331) db#sB; 4B 4+ b BAT7, £ ZAFEEL 13325
A2 1585.8cm! 6 B NMEFFAF A D WA= G #; FIA, & 530cm™ 49544 —
B4k S A, H—FIE T B B A BRI A, w4 ¢ BT,
HRTEM A kA A48/ 2 — FAAR G (L4640, B 27 T — A4 0.32nm
TS B G AR AR SR, RS T (111) &@; =B 4 F dBF, £
# R ¥, F474F (SAED ) 42X F 69455 dhihFe % b IRt — FIE K T dh K45 60 4
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Yol 5 BT, RE PR A S 6948 B b BACR G K AT A b ATH 1 Ge/G
Fasf b4 2 Ge 4L B F o b F 5 A 6 B F AT B 5 F 69 a B AT+,
4B B — RAARAE BALTE B h 00.1-3V 24 0.2mV/s 942 3518 BT 13 3] 6445
TREHE. F—BAETRARAE TE@OGABIR, FALRLLE, ZREL

— B JE3R SEI 69 51 A28 . 249 0.12V 69544 & F & 2 h A= Lit) BL

(C (graphene) +xLi*+xe — LixC) . J£ 0.55V A= 1.25V ¢4 #AE )2 B F44
3| LixGe #9644 1id42 (Ge+Lit+xe < LixGe (0<x<4.4) ). EZEH
PEIRF, AR KO XA RIFH T 20, AL EA S TERFR
O BARB IS, 4o B 5 P a9 b B PR, 7 T 4818 BM/ =844k (Ge/G/
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RIBECHFELH 14%, @ SEL R ., TAGLAME/ 6 EH/ AL EIR
B —RABIRBFMET 4 20% 49 LT ERE, whl 56 c BT, A4/
B B/ ZFA4K. GelG F= Ge ZH ERAFEEAT 100mA/g T e EIRGF M
. ZEH, BB S5 5 H 1701mAh/g, 1766 mAh/g, 1789 mAh/g,
K, Ge 64T AT FHAEFH, MF 2 B4 1174 mAh/g TIERF 100 B4
495 mAh/g. Ge/G ©LARF] Ge A8k, E&ILE Z4Fe9EEIRtEee, H 424 100 R4A
BB A7 B R HF 804mAh/g Bk A F . % Ge/G A — R4kt —F R, 44/56 %
W) — BACAR A AT AR I AT H9IE R A £ 23T 100 KA KB4 445 1050
mAh/g ¥ %5 & . X VAR R4 Fedl B W L0 B Bl Ao — B4R B 4838 m L
PERRAEM, EHEREETH—PIEZERFGMBIITH, B 5 F49dH
Fraw, B, 4415 Bdh/ — BACARIE B IR A 55 4 100, 200, 400, 600, 800,
1000mA/g FEH & Segtb 2 &, 9814 1050, 921, 850, 750, 627, 550 mAh/g.
4 A E A e 3] 100 mA/g B, HA% KA 1000 mAh/g 69T 5, JUFEHR S
FRE, Ko, BEAEAF 100mA/g i, Ge R Ge/G FH &5 K 6455
K. /% B/ RN SR B HIRE LR B LR ERP M,
ol 6 BT, AL O HI & 0948/ 5 F M/ = BACARY K AT e Fast tb A 1 Ge/G
Fasf bbAt 4 2 Ge 4L B F o b F 5 A 6 B F AT w6 ¥ 69 a B AT+,
h AR B B AR OB E TR P 8y CV AR, Al i ARt
A2 EA KGR, XahiE T SEI R AL SMe L mAER. A 6
Ty b B BT, 44/ E B/ ZRAAE SIAEE 100mA/g T g A a &R H .,
04V 6945 E PR —ARKRGHBEEF S, 5 Ge F Na 69 NARLABF 4.
EHSBRF 10 BAREAIRIEZG— 5 ETEBLA T AR TiE ), 4ol
6 Ftgc BT, 7T EBAKE 100mA/g, & /%5 E 0.01-2.7V 6945 R 454
RA 418 B M| — R ACAR R 5 — B R O3 R BUK, (B £ 218 100 RAGIRE A R
# 190mAh/g 49 tb A A Hik 99%89 0 E,. 5 Ge/G A= Ge #ylkiz b R X
BARLL, 4/ 8 B/ FAR SRR I B RGBT, T2 2R LRER
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oM, 4B 6 F ey dBFTT, BT 3 UMMAERE WARE TSRS
8. 48/ B B M — BALAK G A E PR 2 A 100, 200, 400, 600, 800, 1000mA/g
&R T AREF 4R IFE 200, 164, 135, 115, 102, 88 mAh/g. Bl AT, ©3)] 100mA/g
Bt b B ARAF 69 0 BB 190 mAh/g, X R VAR T 48/6 2/ = BACAR LA ARIF
fEF ML, W ERIP LM T ix— T AR TME TaeT .,

o 7 Fa B 8 B v, KA A B &0 s A B R AR R AT R A
S AR A R A AR AR B I SRR R AT B0 A
Bl B ARG IR R R ), BRIFEMG TN, MR ARTHE
T LA o B 45 69 KARARIG IR 5| AL 45 49 09 3R,

AE RS LB B BHTAKRER R, R EEESL 6 SHIMEY
AR TE Z BAAE R R T A Rt — BRI R A R MR, B, AR5
T AN B T B i 48 B RAAR AR 24T 100 KGR E o A R
1050 = 194mAh/g ¢9tb 52, BRILHMGAAR T T T, (4486 2
G605 ) sesh, AEIB Bl RAMAR BT ARZ SEIARE, ERRBIAE
BT 6 sk eit2 5 (100, 200, 400, 600, 800, 1000mAh/g) ,EAB KT AR
F 342 3 F 9,869 1000 mAh/g #2448 B F &.3849 194mAh/g, JU-F XA B EMA.
AR OPRBAE B E | — FACAK LA R AT Y B 0 BR3P 45 M =T WA Ap o 1L
' LR Tk B8 69 BAT BAF 69 HE SRR R AT AT 09 R

VA b BT AR A K B 698 A T B, SRR R ATRRI AL B, LERK
BF) 6 A AR e R M 2 PR AR GG AEATAS 2. FRI B it %, ¥ 8 8 E ALY
R EZA .



WO 2018/024184 PCT/CN2017/095366
12

w H 'R H

1. 418 BW) — BRI AR ST e A oM &0 ik, HFEET, Pridy
% ELIEVA T F B

1) RAFHd oy k4 &40 0 EMh R AT 4

2) ARG B AR Y R AR T RIRARK S & ALK,

3) sHEIF 094818 Bt/ — BAARA K AT % B oM AT AT B S AL 2.

2 HRABAANER | PTiR 6948/ 5 Bl - RAAK 1AK% B AT G 1 &
., BAFAEA T TRSRL) RAHey Lkal &4/ a2 hnkeas, L1
P

a) & oL Lk

¥ B BthFe R B R F A 10 200 - 1: 250 ¢9#E4TRA, REREL
# 30 - 120min, BRI 9L EHIKE; R m EmLERA 1: 25-1:
15 6909 BALAE I AR 7 )5 649 8 2Rk, 5 I8 T A% 5 $t4F 20 - 90min;
RIGEMANFEAB BHRERA 1. 60-1: 30 49 PVP, ARGH+#2-8h, 133
W4 YRR

b)# ¥, &5 42

B LR H R 4R IEANZRA 03-0.8mm ¢ RFREH BT,
REWK T E AR EE R3S /ERRGAN G, HTHE L5 L2 4/
T E M R B A AAT

3. ARABR AR R 2 FTE 6948 Bl Z RAAK A K AT 4 B ot e 1 &7
%, HHFAEET: A FTIR )P RO HBUEF A NN-ZF LBt (DMF) .
N-F JR-2-skrb )8R (NMP) « WEk# (THF) . LZBER & E S —Ff,

4. ABRIBRAVER 2 PTE 6945/ 8 B/ = AAR K G 4 A oA 6 B & o7
%, HAFAEAT: PTEHIR a)F 69w 2L LA h 99.999%.

5. ARIEARAN B K 2 FTik 6948/ 6 B M/ — RAAK A R AT L A oA e 41 &
%, HMAEAET: FFEFRb)F B EMBZ A6 5 /AR R H 10 - 25KV,



WO 2018/024184 PCT/CN2017/095366
13

6. ARIEARAIZR 1 ATk e948/ 5 E M/ — FAAK I K 4 5 ARG H1 &
%, RAFAEET: PTAFBR2) B4 R EH LRA BT ERAREE & Z84K,
BRIy BT F2) 0488 BH M AT ERNREE T, AF R4

( TI(OCH(CHs)2)F= HyO 6 H R4, s AAER L F F 51 A+ R EF4LF= HL0,

A7 R B4 HaO 69 ) SALAFAE 44 69 42 %) — B4k — A BT B LR IR,
RIBA170°C - 210°C F oA A BT BIRARSEIRE A Inm 4 4 Kik £ = 84L
IR,

7. ARBARAIZER 6 ik 6948/ 5 F M) — FAAK I KT 4 5 ARG H1 &0
B, RAFAELE T FFiE Ti(OCH(CH:): 25 A 97%, Ffik HaO A & /5 B A8 B &
4 H0.

8. MRIBAAER 6 FTik 648/ B Bt/ — BAAK L K 4 Y% 5 A0 H1 & o
%, BRAEET: PR Y IR D) PIlARe) —RAAKEIE R A 1-20nm.

O MRABERAIZ K 1 FTiR 6948/ 6 B/ — A4k AR A B oMt e &7
e, HAFAEET: TR R 3) sHhh e B b/ RACAR AT B 4 AL 2 0 Bk 3R
a7

a) THE: ¥R 2) F3e948/ 6 EW/ AR AT R A oMHEALE
RO T, VAR A 40 - 80°C #EATF % 20 - 30h;

byBE: T IRE 69488 B/ — BAAR B M HAN E AIRE T, £ 400
- 600°C % & F 4% %% 1-5h;

iR K: BH WA/ B B/ = FAAR I oA Hy Ao Ar ARARIL ) 5%:
95%09 iBo AMIRILF , F£ 500 - 800°C Fit—HiB K 1-5h, R&FE4/8 %
Mo/ — FACAR L R A 25 B oA,

10, —Fbd i, HAFIEE T PRk diiey RARAMA A RAI 2R 19 4E2—FF
RN FF 58 B B/ — RACAR G K AT Y B oA AL



WO 2018/024184

1/7

s

il

-*?'@:‘f":i% EEHE

Foc
.!\ _Aﬂill é’m«a—ﬂ !:-{-’

" L

'a-'f..

¥

i

i e fgk
.‘! ¥
l«- _-s? ;‘m"’;“k

PCT/CN2017/095366

=l s

5103



WO 2018/024184 PCT/CN2017/095366
2/7




<

PCT/CN2017/095366
3/7

WO 2018/024184

- -

-

100nm

.

S
- .

-
-
-
.
-

-

-
-
-

-
-

-
-

.
.
=

-

-

.

-

-
-

-

.

-
-

. :

.

-

-

-

-

-

-

-

.

-

-

-
.

-

.

3




WO 2018/024184 PCT/CN2017/095366

4/7
” - b GeaG
- et i ’ )=,
- S ; e GRGGETIO,
= e FOPTHS MO G4-0545
“ -~ =
fos T -
= ! oy
i - - |w
B gz |V
i x O
i ?i ‘; &
w20 30 40 56 &b 70 80 1000 1200 1400 1600 1800 2000

20 (degree) FIB{178 (em™)

A 4



WO 2018/024184

5/7
5 s {56
T iﬂ;
e |
- /‘\ L 108k
"E 14 d B S
—
B oaal 7
3 frv
b
A
i @5 X1 1.5 R 25 34
B (Vs LR
TR0
- o 10
Cug 068 » Grear ot Bk, gt
e . s GrpG. W/ SE 8
: = .
S| T merme .
|
o
# W
IR pune b A
g
s
B E ":i
E
@ @
B et 44 £k B ik
FERRE (N

Vs LA

%

b
et
b =T

AR mA by

PCT/CN2017/095366
s e £}
< il
L5 ]
1k
15
13
o
14
05
nnk B sy
i S0 i T
Fiiimaby E}
jeel * GeEGE 10,
§ : & GG
e, e
0k 5; . =
£ = 5 o
ik %ms%.___' I
it %
306
8 it i
T
BIPREDN




WO 2018/024184 PCT/CN2017/095366
6/7

: s b1
zﬁ - ?E . zn‘i
-
" s i e
Pl Tk
=
e
i
-
S

&

¢

5 . ; ; ank \\\*—‘~

(51 L] LE 1.5 e 5 i B 160 g2 30 L

5 (Voes, Na/Na)) A hgh

ale 100 sold o GeRGATIO,
T ¢ o Top . & GREG
= s o GeaGatio MESFEE o & = A ey
": A0 b & o Gewt FE/IFHE 8 < 3k
- e = =
= R 5375 P Z ¢
CHEE R

{’%E ik g 5 : v o
i > — :“qu

“

"W
EET 3
'} i 3 i FY 3 f} i} 3 5 i 3 i 3 Y
it 25 1iHE P et 4 i 1t Kk 1] E1H 5 £l i
SRR TN Sy i ¥ X w
WIAREIN EIARE N

K 6

A 7



WO 2018/024184 PCT/CN2017/095366
717

A 8



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2017/095366

A. CLASSIFICATION OF SUBJECT MATTER

HO1M 4/48 (2010.01) i; HOIM 4/36 (2006.01) i; HOIM 4/62 (2006.01) i
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1M 4/-, HO1IM 10/-

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNABS, CNTXT, WPI, EPODOC, GOOGLE SCHOLAR, Elsevier Science Direct, ISI Web of Knowledge, DUXIU,
SUPERSTAR DIGITAL LIBRARY, CHINA ACADEMIC JOURNALS FULL-TEXT DATABASE: XINFENG TWO DIMENSION
MATERIAL; FUIIAN XINFENG; YANG, Yuchang; tin, chemical vapor, static electricity, line, graphene, GeO, TiO, germanium,

titania, carbon, deposit+, spin+, coat+, electrode, battery, electr+, nanoribbon, ribbon, nanotube, fiber, fibre, nano, tube, nanofiber

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

PX CN 205944241 U (FUIIAN XINFENG TWO DIMENSION MATERIAL TECHNOLOGY 10
CO., LTD.), 08 February 2017 (08.02.2017), claim 3

Y CN 104319372 A (HUNAN UNIVERSITY), 28 January 2015 (28.01.2015), description, 1-10
paragraphs 4-15

Y ROY, A K. et al., “Oxidation Protection of Carbon Fibers by Coating with Alumina and/or 1-10
Titania Using Atomic Layer Deposition”, CARBON, volume 50, 17 September 2011
(17.09.2011), ISSN: 0008-6223, pages 761-770

Y CN 105470484 A (XIAMEN UNIVERSITY), 06 April 2016 (06.04.2016), description, 1-10
paragraphs 4-24

Y CN 103151173 A (SOUTHEAST UNIVERSITY), 12 June 2013 (12.06.2013), description, 1-10
paragraphs 5-19

X Further documents are listed in the continuation of Box C.

X See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not
considered to be of particular relevance

“E” earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or

other means

“P” document published prior to the international filing date
but later than the priority date claimed

“T” later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

invention
“X” document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to involve
an inventive step when the document is taken alone
“Y” document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such
documents, such combination being obvious to a person
skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

27 September 2017 (27.09.2017)

Date of mailing of the international search report

19 October 2017 (19.10.2017)

Name and mailing address of the ISA/CN:
State Intellectual Property Office of the P. R. China
No. 6, Xitucheng Road, Jimengiao
Haidian District, Beijing 100088, China

Facsimile No.: (86-10) 62019451

Authorized officer
ZHAO, Nan

Telephone No.: (86-10) 62414120

Form PCT/ISA/210 (second sheet) (July 2009)




International application No.

INTERNATIONAL SEARCH REPORT

PCT/CN2017/095366
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A CN 104525272 A (NANTONG UNIVERSITY), 22 April 2015 (22.04.2015), the whole 1-10
document
A KR 20160062617 A (UNIST. ULSAN NAT. INST. SCIENCE & TECHNOLOGY), 02 June 1-10

2016 (02.06.2016), the whole document

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2017/095366

Patent Documents referred Publication Date Patent Family Publication Date

in the Report
CN 205944241 U 08 February 2017 None
CN 104319372 A 28 January 2015 CN 104319372 B 01 February 2017
CN 105470484 A 06 April 2016 None
CN 103151173 A 12 June 2013 CN 103151173 B 06 January 2016
CN 104525272 A 22 April 2015 CN 104525272 B 22 March 2017
KR 20160062617 A 02 June 2016 KR 101653164 B1 01 September 2016

Form PCT/ISA/210 (patent family annex) (July 2009)




EfreE RS Eir 55
PCT/CN2017/095366
A FRERSE
HOIM 4/48(2010.01)1i; HOIM 4/36(2006.01)i; HOIM 4/62(2006.01) i
1% B E T A 4328 (IPC) B (R B 44 B8 2R 4> AEFA IPCHIFil 43288
B. R M
R RESRE S R AR R E L)
HOIM 4/-, HOIM 10/-
BB R TRAT A () ik B A PR FEE SRR A 41 KA 2% SCHR
7 E Bt R 2 R 10 B TR BB IE AR, P HRRIE oD )
CNABS, CNTXT, WPI, EPODOC, GOOGLE SCHOLAR, Elsevier Science Di—
rect, ISIT Web of Knowledge, BEF, HBERFH R AE, [ BT A SCEE

B e dEriRl. REFE, M5, 9k AR, ZHEME . B B LESAE. HHE, i, 4.
2, VAR, Hiih, HAR, graphene, GeQ, TiO, germanium, titania, carbon, deposit+, spint, coat+,

electrode, battery, electr+, nanoribbon, ribbon, nanotube, fiber, fibre, nano, tube, nanofiber
C. xR
e SISO, BB, TREIMRER AHE FIAUR EE R
PX CN 205944241 U (REEEHUE " HEATRIBIBAARAT) 20174F 28 80 (2017 - 02 - 08) 10
ALFZ K3
Y CN 104319372 A (W RE) 20154 14 28H (2015 - 01 - 28) 1-10
TEA P EE4A- 155
Y ROY, Amit K. et al. “Oxidation Protection of Carbon Fibers by Coating with 1-10
Alumina and/or Titania Using Atomic Layer Deposition”
CARBON, %504, 201148 9 17H (2011-09-17),
TSSN: 0008-6223,
pages 761-770
Y CN 105470484 A (FE[RK%) 20167 45 6H (2016 - 04 - 06) 1-10
TR 54245
Y CN 103151173 A CGREIRE) 20134 64 12H (2013 - 06 - 12) 1-10
5198

[V] 54 scprreck st misp .

LR R A .

xS mARER, T EEEHARARA BT S R, ) T
wnr YOS BIHEE MR T I R — RS e ¥ s
a7 BRI, PECE RO, WE R R

wp 7 TERRA I B R 2 5 A A HO7E S B SR e P =
CLr TR SRR . SRR — T e <y RFRURRACH. éﬁi#%%*%ﬁ%%%ﬁ%i#%éﬁ
L R e e e R il ot AU A AR T U R (R A

) ENEER
w7 WIROIKATE. (BT, FEME T A T “gr RS RIS
wpr A 56T T H i SR A s L
[ PR S 52 i H #E [ prfe RIS HE S HE

20174F 9H 27H 20174F 108 19H

TSA/CN) 44 FR 01K 2 11l ZRE R

S (86-10)62019451

A A R E E R 50RF=RUR (TSA/CN)

i 1D 2 T M X TG L ARER6E 100088 et

G (86-10)62414120

2 PCT/ISA/210 (55270)

(20094E7H)




PRt R &S [ R HiE s

PCT/CN2017/095366
C.  HExXXH
% A SIS, e, EYIMRBE LEESOEEIE SN
A CN 104525272 A (REiliK%) 20154 45 22H (2015 - 04 - 22) 1-10

o'

KR 20160062617 A (UNIST. ULSAN NAT. INST. SCIENCE & TECHNOLOGY) 20164 65 2
H (2016 - 06 - 02)
23

#F PCT/ISA/210 (5627) (20094F7H)




B EIRS o
XTREEHHER PCT/CN2017/095366
e 2 RIS Wi IS e
CN 205944241 U 20174F 24 8H .
CN 104319372 A 20154 187 28H CN 104319372 B 20174F 2H 1H
CN 105470484 A 20164F 4H 6H X
CN 103151173 A 20134 67 12H CN 103151173 B 20164F 1 6H
CN 104525272 A 20154F 47 22H CN 104525272 B 20174 34 22H
KR 20160062617 A 20164F 6H 2H KR 101653164 B1 20164F 9H 1H

#F PCT/ISA/210 (FIEEFIMH) (2009FFE7H)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report

