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Abstract

Nano-nickel and ND (nano-diamond)/Ni composites were separately prepared by
reduction of NiCly-6H,0 glycol solution and that of doped with 1% (weight percent) of
nano-diamond. The effect of NiCl;-6H;0 concentration, reaction femperature, dispersant
dosage on the particle size and shape of nano-nickel and ND/Ni composites were discussed.
The prepared nano-nickel and ND/Ni composites were characterized by X-ray diffraction
(XRD), transmission electron microscope (TEM), Fourier transform infrared spectroscopy
(FT-IR). The results showed the prepared nano-nickel and ND/Ni compesites were almost
spherical-like, and the structure of ND/Ni composites was core-shell.

The catalysis performance of the thermal decomposition of ammonivm perchlorate
(AP) by addition of nano-nickel, ND/Ni composites, mixture of nano-nickel and
nano-diamond were studied by differential thermal analysis (DTA). The effects of the
particle size and content of nano-nickel, ND/Ni composites on the thermal decomposition
of AP were dissussed. It was found that the catalysis performance of the thermal
decomposition of AP by addition of ND/Ni composites was superior to nano-nickel,
mixture of nano-nickel and nano-diamond.

The friction behaviors of nano-nickel, ND/Ni composites as additive in liquid paraffin
were evaluated on MM-200 Ring-Lump Friction and Wear Tester. The effects of the
content of different additives and different load on the friction performance were discussed.
It was found that when the additive mass percent was 0.5% and the load was lower,
nano-nickel and ND/Ni composites showed preferable friction-reducing and anti-wear
properties.

Keywords: liquid chemical reduction method; nano-nickel; nano-diamond/
nickel composites; catalysis; friction
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BHAKRT, REMASHE S AFEASGP TRR —erE, And ks
B 8RR T .

YangZ R B ELSICLITH A Sn MIREHE TSI0RE. T, #HNE
BRI ST, LA, SLER. BREMN, TERAMNY. FARRMNE
EHTICLAETIR BRSO MR, TRIEHEHERRATIIN, SANEEESR
A ALY, BAEN. Kilk, 7SO/ PRIMAE—BAuR TR, SiOp/NRE
TS FHAPSHEAT b, FRHS—BAuRhL, RIS UAUKRK A, ZEK,COs BAKFE
& FERHAUCL. BEESIO/NRREKH—BE&%,



ML FOLBW. AXERG/EESHRHERERBTR

BREHINEBRARBTFRELHFEBMAu. Ag. Pt. RuF/HZBAITIREK
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AUNEDT:

(1) RKABMAEREHEGRRE. RENT/RESY, BH XRD. TEM,
R REFR, WHAFUHTELNERM . BITRERE. BEREURS

10



i : HARR. BALRR/AESONBERLRAR

BRI EXNFIRARERNEE, SHEEHKEN. SXENTREEINE
&,

(2) BHERBRARER. JKSREATASYE MBI KFHEERN AP T,
Eif DTA SETFAKEMART AP MA RN, SHHALERE. B
InFRte A BRRLRRT T AP SRR AR

(3) HHEFEHARER. AKREAG/AESYRNEEE T EEE
BRI HL(MM-200) 34T BEMR S R, #R0THANAERE{E LR, BB ol
MARDARROEFA TEBERINER.

n



LT FRER. JASRIB/RESYUHERERAR

2 RSB, HRERA/RESWHIBETRI

HIEAKERETERE, HPRALEFEERE T, NEGBLEEHNE
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LR R
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L NiCL-6H,O W FEEE, NoHeH0 AEEH, HOCH,CH,OH HiFHIHI&EH
KEMEBNT:

Ni**+20H*=Ni (OH) ;

NN HHOH =ONI+N+4H,0

2Ni (OH) 1+ N;H=2Ni+Ny+4H,0
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FRAEFEN, TEESIROFEARERENBE, SHENBERRINEE. T8
eI & NakENA EHRANERER, XENSHREAARNSAEDS,
FHEWRE, AERENERMMER, TEASKEREERMIMERA. B, 4
KSR FEGRAR G R P ] LR R ERER, 4 BRNRRFHERERM
SRR SR A TSR mRRER.

212 TRHHEL
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WX FRER- SASRIE/ AR SBNHERNERNR

B HFR 211 4 TR
1) NiCly6H;0 atral | PEEREE) LELFERAAR
Zo® HOCH,CH,OH | ##ist ARERNERLR
RLIEWEIREER PVP >95% EaERLFEAERAR
KeH N H0 Pt LEANHELTERAR
EERlA NaOH SHrat ARG R AT
Z.HE CH,CH,0H Vig it B ERHERAS
e CH;0CH; g e ERARERERAH
wR HNO;, Sriak LEERARNAERAR
MALSRERE | FHRB3I2mm | >95% | BHHEREFMHERBEERAE

213 TRHER
RREH CIIRE
LG g OH EREABELHS
ZDF-1B MEETHRE LT IUR
I BAEHRSR IHE QIR
JA-1003 BFRF TERPET
EEKRE e ettt I
204 ERITHE

2141 HXREBRFHENLRIE

() EE-TREHILBZ AR Soml, BEBAZORESD, FUAE
B RE 10%H 5 ZARM SN

(2) EEAKARTIHEREREREERE. 830ET, IZ0RETRA—
EROASH, #SHOTHIERE, NELESKEBHREBNE, MAER
7 Imol/L. MEELMKBEHBIE, RN 1h;

() HEMAAEAERAH, BEETKER THREHEHOIPED, BOHE
¥4 8000 ymin, EXE LRARAE=ZR, BRIEARRSEE. BO=K,

(@) HFBNRETRETEZRET 0CTH 2ub BIREIKER.
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Wik kN, HRERE/RESHNAER AR

2142 BRSRIT/RESNEENLRST

7 2141 BB IMAB LR 1%09KERA, RENETREFATRE
BE 2.1.4.1 B4R,

22 RER. SASRR/ERSMRIRIE

221 RENE
e Tg s EfETR
D8 ADVANCE X X SR R AT HHML #E BRUKER 47
MB-1548 BI4L 5h AL %Y &KX BOMEN 247
JEM-200CX R ST EMSE H& JEOL A4
1530VP B T B #ELEO AT
EMX-12/10 B H3F R SL R 1#2E BRUKER 4 5]
222 RIEHE

2221 XHEHFHERD)

XET S RBRGBRBRTHIIREET I LR, NAXSRATHTEH
KR T, TURBFEHEROEMER, AR TRFE ERYILZE TN
BRER ERBITER.

XSRS T AR RRE, BRARREDBIFKESE, HAT5EEHNR
Rk, U GUOR K EXSTRATH M, RBEHRER S 23 (Scherrer):

D=k i/ Bcosh

AF: Du N REREL T MMRRKE: YR DAXSHREK: g
BELER: OHTTHEA.

HHE B AR K ENAREET N AR TFHERE.

ELBPXRDAVTHIRM N CulllKasT 22 (A=0.15405nm) , #IFEH20°~100°,

2222 45EEAR)

LA R 1900~19104E (6] W.W.Coblentz ¥ ERAIMEMEF NUBRIEHR
ORISR, G, BEEA—FRKMTAESETREMNRRE, L0lEN
PR MREFILZSIR, NS RT WA s FHigER, BRERR
H. FHEBELEIUNRRU L ENEARNRER RUNA, £haPd T
MR AP, LIMEEREERBRRARABBARTRENIFIFRZ ) X
PR RN B 2. Bl DENFSEIENER. SRLSUH
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AL ) HARR. HAESRUG/RRSVNHENEAFA

fERCRARNTIKEEETTHE.
ALRPLAI KIS FIMB-154S AL S BT R AT 247, KBE R .

2223 EHETFEMBTEM)

BTERBER —HEERSWEAREHMNEHTITA. B, SRS HRnas
B EE ) Eak R T (E A PEH0.250m, SRS $H0.05nm), BT
GORRL TR, TUEEREIGRETFRRERREEHNE,

BHBE—REES. KEREANBE=MARSAR. EOERR: %
¥ DA BT 2R LS BEFERAFRARR, M SRR
¥ TR,

BT BT DERE NS ST BRI TR, F R
RUEAKFTRAA, BERNFEEFE, fUBEH BT EHERS R~
HEETH.

FER BN BT BAAREATRE: AT ZEPBAESRI0 min, HE
FBBERECHEFOHEEN L, TREEASESRHTH.

2224 BHBETFEHRBESEM)

HfET EMA RGBS ER LG R RGRRG—M B, 5ES BRMRETT R
AR, PRERERAREATHRERERME SBHAR. SRABIRER RN,
HARESTURZKAT, HHERTHREKRT. K KB TEREENEER
.

REfa SRR RS KBRS, B EBIREE LR
R K% . BREMARERTRAXERER AR, SR HEHDERR.
Bl R ABEG AN RAERGE I LR,

FLRPABARHHNTE: FRARETRELHE, BTREPRTIN.

2225 WTWREREPR)

B F MU 35 3% (Electron Paramagnetic Resonance, EPRMBFR &8 F B et 3R (Electron
Spin Resonance, ESRHHAAXNRBEF RN B FHIRBEYR.

Pl F B LA, — M FREESEANFE B RARNBTF, L,
WEAFH TREFNETHOAY, WENNERBERTLSRNYE, SR TFRE
WiRkYE, %9 LB MAE B R T X FE . EPRESETFAES RSB T
RELAY. ‘

AN, TRITEYRESHIMELF. HBKENE BIEFRIC(spin label)H
REIRRE, FEPRAIUMEST B CHEY, NEAPFAXBIFMELRE, 88
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Bt ' FORAR. X SRIB/RESHNAERN AR

&Y. YR, UEXBOEARSE, NTAXT BEPRONAEER.

AL HEPREIBEMERE: 50010 RERAERNImm MEHEHAET, B
ABFIREERKPRZmm BEEEPHTHI. TREH: FHEEISK).
BAE65%. P52 100.00KHz. I FAE0.AmT . 375 BIX-band. i {7183.886s.
B EESOmT Mk 8CHz, MBETHRI0mW, P07 H348mT, FOFHBIE
H%40.5 mT, ¥4 FiBruker WIN-EPR¥ A .

23 ARERIAMRE

EHEBRERE/BE SV, BENMRIEEARNGRENIARTT &1
IR Z o '

231 X HAFRA

ain

Intensity

H21 #RLRAHXRDIER
Fig.2.1 XRD pattern of nano-diamond
BRI A THXKSRIGHXRDER. BT, AXESHEFITGHE
26=43.8%, 75.1°, 90.9°, ZFBIH(111), (220), (Gl1)EMHATEME. XRDE A HIHTHH4
HARLHAR, HASRGAKRRBED.
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WiRX SOREN . AXSRIR/RESYNHERE ERR

232 WTNESH

EPR Signal Intensity
o

1 M 1 v ] M 1

3300 3400 a0 3800 3700
Magnetic Field / Gs

B22 2K&RIH MEPRE
Fig.2.2 EPR spectra of nano-diamond
W TR R (EPR)IIBR 700 R B R B i FIMIREMEAD B B2 245 T 44
X &RAMEPREE . EPRATERYE, AXRSRAEERENET. BPEHER e
EFg=2.0069, % FEAH =0.9mT.

233 BEHETFERES T

E23 PAXERIEHTEME
Fig.2.3 TEM image of nano-diamond

E238H T HKERANEH D ERA . GETH, HKENEELRRE, 2
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HR3X

FREN. KSR/ BESPHHENERTN

BEEE, SRR ASSmmAS,

234 a5

1.0

0o
0.8 -:
071
0o

0.5 4

Transmittanes / %

0.4 -:
03] 1
024 §

a1

13809
12608

16353
11185

L} L] A ¥ ¥ v 13 A 1 hd Li hd 1] v
4000 3800 3200 2800 2400 2000 1600 1200 800 400
Wavenumber / cm”

Bl24 gpk&RIAMLSGER
Fig.2.4 IR spectrum of nano-diamond
B2 ARGESRIGEAINER, LA0RRYE, 349 e’ BF—EHER
W, ER A SKERERMKS FRIEBIRS . C-HIPEREFE2927 om 712847
em E R, 1635 o H —IREE, BTRIOKSFHRE HRSHTE. 1744 cm™
EBEIIRFITRE . 7E1100~1400 e LS HF S BRBHRKHE X, ReHBEE
C-O-CEMR(NE2.1). B, 49XE&RH&H KXEK-OH. -COOH, ~CHO. C-H.
-NH SR RE.
2.1 PASRBRMLAINERIH

Table.2.1 Summary of main IR frequencies of pano-diamond

B(em™) HE
3449.1 Vou
29274 Vas CH3
28474 Vscin
17444 Vouo
1635.3 Sons Vo

1380.9~1260.8 Scms~ Soms Ve Sowis Vees veolSREEH)

11185 Vas cOC
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BEX : ' HAER. X RR/AESMNEREERR

24 SRRV
241 BERENEW

B s H A AR ED 0y (NoHy Ha0)me(NiZH=20, my(PVP)mp(NiCly-6H,0)=10%, M
BAEH 60°C, KRN pH M 10~11 /5, 5SS NP IRIRE, SREMTAX
B, FRENG/RESYHRBRIRGEH.

24.1.1 X HEATHH

it 2.5 7 LG H, JORERTH 3 ML 20-44.3°.51.5°.76.1°, 4} Bl A(111),
(200), C)REHTH . X SRRMELEJCPS 04-0859) X —H. FoREAHE.L
Sk, XRD BRI N ELARER, REBRMREES. BERD M
E NiO, NipO; SATHEERE, BMAREREEL. XEEN . () EENAEF
BaEdikN AP, REHMES. A, SI&8MKBEREREREL: Q ERN
MRS, FWEE A E N, o AR R F A AR A K B AL .

EEFRRWBAKERIA S TE, THELEEAAKSUG/BRESVAES
RERE LY, HRBAFRHERLEH. RERBTBNRERD, ETHBRNR,
BRZB RIS R R R

F22 HKER. HRSRRARESPORIE &N AR

Tabel.2.2 Preparation condition of nano-nickel powder, nano-diamond/nickel composites and particle

diameter of the product
ERERT NiCLIREE | NiQIDSE&TE FIE B d(nm)
(moV/L) 1 26(°) FWHM(®)
All 0.04 4439 0.5671 17.8
A12 0.04 44.42 0.4746 221
A21 0.06 44.30 0.6337 15.6
A22 0.06 44.74 0.5017 20.7
A3l 0.08 44.63 0.6943 14.1
A32 0.08 44,70 0.5040 20.5
Adt 0.10 44.48 0.7361 13.1
A42 0.10 44.71 0.5164 19.9
A3l 0.20 44.63 0.7343 13.2
AS2 0.20 44.72 0.5087 20.3

¥ BRESERNIHASKER, THEAXENE/REEY

19



LEx 38 ' HXER. AASUE/AALDIHENERRR

20001 NI(1T)
] AS2
- P
1600 T ASE
1400 - JL " Ad2
2 120 ) v\ AL
w 4
§ 1000 A A A32
= ! -
. 800 - » AIL_.J\— A3l T VL S
600 - ‘
N )\ A AR,
40 A A2 ‘
500 [\ , Al2
0 A . All
T T ¥ T L4 T T T 4 1
20 30 40 50 60 70 30

25 gUKSHN. HRENEARE DN E
Fig.2.5 XRD patterns of nano-nicke! powder, nano-diamond/ickel composites

B 2.2 P NIQUIDREEHEE4, ¥ NICL RS 0.04 mol/L#KE 0.20mol/L,
BETHRBKKAN 18, 16, 14, 13, 13nm, BIBEHE NiCL MIRIEMBE, 4%
BRREESED . XARE D THE NICLEREE A, REERSRT R RZ®R
RELRE, FHMKEORBRETEA. T NChL KRER XD~ REN, ¥
PR TRV LR B E SN IME - 2B, R ANBREERENERERERILE
P, KRR BRBIERERN.

H4h, BF 22 P NI(UIDHEEWTEGRBHRET, EHRMAHFTHERX
ERIABRE VAR EARBEOREK 5~Tm. XRETFRIEESHNSK SN
AAFRANHRER, KENSHSGHBAKENSHERSE, RESERS, BF
REERRRMER, 4 RS ETHERE RIS ESRE SR AR A IAL T
AR, BT ESRERERERT,

2412 4a5HH
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LR i HARR. BASRL/EESYNHERERIIR

1380.9
16353 1ig55

3449.1

Transmitianoe/%

E26 SKERE@E HREBE) BREREARZEY(CORLIMHER

Fig.2.6 IR spectrums of nano-diamend(a), nano-nicke! powder(b), nano-diamond/nicke} composites{c) -

Bl 2.6 G THRERA Q. HRER D) KRS B/RESDOMIIER.
SHKRQLIMEE 260HLE, MXERFRESYNHERE SRR 670
o™ ALY Ni-O RUMSEMESE, WALH: S4RERE WASMEE 2.6,
R ERIRARNE AW LIMER 2.6(c)F BB T 680 cm™ AR Ni-O BIVEHER,
MREMERBAREEERER. IRFUGTRIIHESNEHERE, BElaE
HEAS SR, ERESYREHRUTIRR.

2413 B HETFEHRESWN

(®)

21



TR ‘ HORER . AXSRIA/RESYNHEPLENA

B27 #KE. AASREAESYMTEMBS
(a) 004 moVLNiCh, #KBR  (b) 0.04 molLNiCh, SKERIB/BELY
(e¢) 0.1 moVLNiCh, #0K8  (d) 0.1 moVL NiCls #HXKERIH/BEEY
Fig.2.7 TEM images of nano-nickel, nano-diamond/nickel composites

{a) .04 moV/L NiCly, nano-nickel (b} 0.04 mol/L NiCl,, nano-diamond/nickel composites

() 0.1 mol/L NiCly, nano-nicke!  (d) 0.1 mol/L NiCl,, nano-diamond/nickel composites

B 27 AHTFERENEERBNAKR. XSGR ESYNENES
BR. BB 2.7 %, 0.04 mol/L NiCl BIE HAKERTRATE, BRHR, MW
HERE™E, REKK 80 nm K45, il 2704, 0.04 mol/L NiCL HIERIA
KXEMARE AR TIHAE, BXRIR, BRURHE, BEXH 120 m £4.,
HE 2.7(c)a 4, 0.1 mol/L NiCl HlBRIAKER TR EHS, EFRHR, HERR
SEPUE, HEAE 20 mES. B 27074, 0.1 molL NiCh HIFTf1g1K&
RIA/RESYRFANRES, BXRR, BRASMNTHE, HEAB 100 om
ER.

SHHLE 27@FC). OF(), TLLES, BEEREINKED 0.04 molL 18
E 0.1molL &, WREMPAXSRAREAVOREFEHAD, X5 XRDE
MR, BEERZEAIR, BRASHITNE.

SRR 2.7 b)) ©F(d), TLUFEHRE—BH, WAHKERIE)S,
EAUHFHRBRRTR-BIRERTFHRR, XEHAXSNARE T HRRH
B . B THXERIARET KBNEHREG, REEER, 5 TRIEERN
PREER AR, NTESAKERA/EESUNNBATRE—NAKERT.
HERIKEREBMARS R R/ REOEW.
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BiRX - HRRER . JkERR/RE BRI ENN RAR

2414 RARETEGE

rod R T Ixm 13 48 EEI 25EY X10,988 lum 13 48 SEIl

foU K, 0ed . Tie 11,48 EE1 ] & RN - 1 T TR T

(d)

B 28 4K RSRIR/BRES WA SEM B
(@) () O0.1molLNiCL, KR
© (@ 0.1moVLNiCh, HRERIFEHAY
Fig.2.8 SEM images of nano-nickel, nano-diamond/nickel composites
(a3 (b 0.1 mol/L NiCl,, nano-nickel
(¢} (@ 0.1 molL NiCh, nano-diamond/nickel composites
B 28 T REKEN 0.1 moll I ENBHAXE. BAENE/EEEY
BEasmE. AE 28 TLEHAKRE AXSRR/RESYH TRRTER
R, TAERRE 400~500nm. 8 XRD AI4ANH PO T RIBAS KM 20 m EH. M
A RERENEAORAKE. AXERNA/RESYRRTRRE.

242 BENER
Bl H A AR o(NCZY=0.1mol/L, my(NoHy Ha0yna(NF7)=20, 4R K pH # 10~

3



i Exiad

FRRY . SESRE/ RESYHNERE ARN

11, mPVPYm(NiCL-6H,0=10%/5, MERMNERPERE, ZEAXNTHLES.
PAERRBRE SRR RNEY.

2421 X $Eiaair

F23 BAEH. SRS EBEIVHHEEGERFDRE
Tabel.2.3 Preparation condition of nano-nickel powder, nano-diamond/nickel composites and particle

- diameter of the product

BRGS RBE(CC) Ni(11 1) T Hik g $if% d(nm)

A 44 260 FWHM() o
Bl 60 44.48 0.7361 1131
BI2 60 4471 0.5164 . 199
B21 70 44.67 0.5438 187
B2 70 44.43 0.5035 205
B31 80 44.42 04974 20.8
B32 80 4.7 0.5206 19.7
B4l 90 44.70 0.4843 21.6
B42 99 44.46 0.4903 21.2

#: HRGSEECHITHRAARR, “CNENKENG/EAREEY

Intensity

1800
1700 4 Ni(111)
1600 A ,
1400 bt ’ P )
1300 -
12ao.5
1100
1800 - A
900 - - B AL
800 - f‘
700 B2
800 ] ) A B3l
500{ B22
400 4
200 Bi2
$00 e . “A " . i)

0] A . Bil

1 LI ¥ 13 T 1 1 v
20 30 40 50 80 70 80
28/

B29 fukEH. SRENEAREANNNHEE
Fig.2.9 XRD patterns of nano-nicke! powder, nano-diamond/nicke! composite
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BLigx ) ' FRBR. BXSRA/RISYOHERERAR

B 2.9 b Ni(HDEEWHE AN, EERRH 60CHEE 90°C, Ni HFHIH
RERLH 13, 19, 21, 22nm, HIREEREEMTR, 402K Ni R K. XEHTF
RERFOAR, RESBPHRTHEKREERERE, 8 N HREEHEX.

H5h, BR 23 FNUDSEHEHRBRRZETM, 7E0CHEMIXERIA/
BREAVKNBHAKENREZX 6nm, B WOCHEAT SHRBHREHET
Lo XA ERBTERE, B&FRERE, HFIEEERMAMEX BMERT
PR ENARRMEE, HTRMEEE, FERRBEK. TTHERR, SaEHHERK
BE XS, REERER FERERHAK.

2422 BHETEMELH

B 2.10 4 H T ARBE THBNAKE. Sk SR AT AR EH RER L.
BB 2.10(a) T 40, 60°CHIBMIARBR T S, BXER, ARAZENE,
BRKHE 20 nm 4. B 2100748, 60CHBMIkEMERESYR TIHR
¥, BERR, ARASAEMAHE, WABEKE 1000m £4, BE 2.10c)T4,
SOCHIBHBKRBR TR —H, E2XRNHRR, FEARASTHE, BERE
120 nm ZH. B 21048, 0 CHEMAKRENEARE YR T AN,
BEFHNRR, BRFHE, MK 200mm £5.

SrAIXF LR 2.10(2)F(c)s (b)F(d), PTLIE HBEFEE S 60°CHINE] 90C/E, M
KENAKEAFRESYORLHEREM, X5 XRD BHMEie—8. WHH
RIAAR, BREFSE, GRPRTHTHURR. XFHEERNOHEREX.
KLBPRA PVP EASEH, BEARASRBERRERN, PRI XM
B, BERMERE, SREMERERES, PVP B2 RHEARE L, Hik
TERAKANER. MHERENA R, JRENERERRR, e PVP R
BREARMAESKEL, RERRHM PVP M EKERRHLIEW, RN
TR FEF ERR IR

)



BLieX ' HERW. AXSRE/RLSDONENY AR

' ' (d
210 RRIBETAHMAKE. SKSAFARL LY TEM BN
@60C, SRR (B)60C, HASMEMRTLY
(©90C, KB @ONT, HKEAAARTAY
Fig.2.10 TEM images of nano-nickel, nano-diamond/nickel composites synthesized under
' . different reaction temperature
(a) 60°C, nano-nickel  (b) 60°C, nano-diamond/mickel composites
{c) 90°C, nano-nickel  {d) 90°C, nano-diamond/nickel composifes
S HIFFHEE 2.10@Ab), ()F(d), FILIEHRTE 60CH, E-EYRTFHRRZHE
—HRENTHREXRE. MEEAEN, RAVHTHRREERE—HIRBRT
R EREAK. EURESTHEMN, REENHHRES S, TR,
REFR R G P,

243 SERESEN

BEEREAAEH c(NFY=0.1mol/L, n(N-H HO0VmMiPHh=20, BEH 60C, BE
i pH & 10~11 5, MERNERPHEFGHE, TELMTHRER. SXke
RIGRE SR BRREREM.

2431 XF&HHEH

HPE 2.11 P Ni() R E S, 48R SRR BEE VR A R 5
RIS IEX R, R 2.3 A4, BEE PVP MOFIE S 0 INE 10%, ZKE@ -
FHRLRARIZSh 1, 16, 20, 13nm. XEA T BEESHOWABEM, SORBAR
BAEMAFRAD. XATRESHHR PVP ERMFHIEMERTX. PVP ERMPH
. ERBMEHTEVIT USSR B-R, PVP 52 BR TR SR REME:
BB, EUREATERNARERARG/ G BN, PVP ESRENE
ERH, BEIEFRAKATNERE. MALEHN PVP B, TERE—, E_HMEEE

26



[fan 54

HAAB. BASE/EELVHEENERRR

A, SR T RS, AT HE PVP BENEM, SREMNBEZ Y
M. i PVP MARIAE 10%, FKEHRRRANT, ZTHWT PVP HELBRH
ES&ETRBRE, ARBILETHKENEK.
F24 BREH. RXERIG/RESYNHESARDHE

Tabel.2.4 Preparation condition of pano-nickzl powder, nano-diamond/nickel composites and particle -

diameter of the product
Hams R &M Ni(111)&E#T 2R $i1E d(nm)
(my(PVPYmy(NiCl6H,0) | 541 26() FWHM(") o &
cil 0 44,75 0.8621 11.0
C12 0 44.69 0.5952 16,8
c21 1% 44.32 0.6117 163
2 1% 44.37 0.5062 204
c3l 5% 44.67 0.5151 20.0
C32 5% 44.65 0.4655 226
c4l 10% 44.48 0.7361 13.1
c42 10% 4.1 0.5164 19.9
¥: ERERSEEANUHNRSKER, CHEAXSNG/BRESY
1200
1004 Ni(111)
1000 ] Ni(200) c42 Ni222)
900 o it el
200 ] i Ny R N
% 700 o )\ . €32 ]
- Sﬂe-
5 ol A ‘ C31 e
400 1 e ‘A_ o N sz N _M
300 . c21
200 ﬂ ci2
160 ronatiaa N Frnd -
A_ " Cil .
d ¥ v H * ] ¥ 1 ] ¥
20 30 40 50 80 0 80"
2/

CUER AR, SORSAIEARE AR E

Fig.2.11 XRD pattems of nano-nickel powder, nano-diamond/nickel composités .-

4, B 24 F Ni(IDREHERRAT S, HRLET, SReRE/RE
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X . THRRE. SXSRIA/RASYHHENEERR

SMERREAKBRIRBR 5~Tm. WTIWTH, FEGHNARY THXERE/R
EAaRTHHERRIA.

2432 BHHRTFEREM T

B 212 FRMHABHETHINAKE. XL YH TEMER
() FBHHEND 0 HENAKE
() (¢) AEFARN 10%HBHAXR
@ AEFHREEN 10%HEBNAKENERESY

Fig.2.12 TEM images of nano-nicke}, nano-diamond/picke! composites synthesized in different

dispersant content
{a) nano-nicke! prepared in dispersant content =0
(bXc) nano-nickel prepared in dispersant content =10%
{d) nano-diamond/nickel composites prepared in dispersant content =10%
B 2.12 41 T H & Clia), FER CA0 F IR CAANERBERR . #
& Cll REKR, ERETBPRMASEA. GE 212005 8ERE, BX
28



[ - ' AR, ZASRIR/RELVHHUENH RHH

BiE. BRUSE/N, A% 10m AL, X5 X SEFHAHEN 1inm XX
o Fdh CAl HEBRR, TERESIBRPMATHER. B Cll EHERE
22@METE, £E 2ROFHRBARAKEINE, MEEIRHEER. 8
BB 212075, SXENREEIEA, K420 mm AR, B C2 haxks
RIG/BRNESY. 5SS C4 MBEFNBEE 22080 E, BEHEEK, K
#1 100nm A . XHEERA: SKERANELE, MTTHRENERERTE.
BFRIEEERHMARERARERAMLLRER, KENSHRBIRESHER
&, XEHEHEE, RERBHREER, FERNERTERBHNEHAESRIE
RE A TARENBALTREEK, BT ESRAREER.

2.5 ABENG

FERF T FIASIHERNCL Z - RBH 1%(F RS 50 Mgk &A1
NiCl ZZEBRHE T AARUMKRENE/REEY, BUUTER:

(1) %A XRD. TEM. FT-IR SFERET KR, FKERA/BEERTH
GHIFIES. BRRH, KR, SRENERESHTFEAELOLTRAEN;
AR, FKRESRABRESHTRSHAERE, HESANS, SRHEBTF: #
KeMRBEENTFRAEERREH, BURAEASREHRERIARTINE.

(2) BEE NiCL WM RIS, KR EREE, JREGRBRADN. 1
HAM AR SR EMRATREN X R, ATTBH, & cNFY=0.1mol/L, BEN
60°C, mPVPYm(NiCly-6H,0=10%, pH=10, n,(NaHsH:0)Vm(Ni* =20 B 444
THIE HBERFEKE, TR 200m A5, SERE, TUSELBREIE
REFBKE

3) BEMNFHRERNA/IERESVRTHHEREWEK. EREN, BTRHAKR
¥, JXSRFRITESIREANBEER: £, BTUHAE. &T2860
PVP A AFPER, REN SURAREESHT, BRNZEAHFHRRGE
AR T
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Wt C AR HRENT/ RESYRB ST AR

3 HORER. PIRERIGAREEYHELERTTA

FEHFRPERIERBARNBG, AT REREROREEE, AR T M
AR, MER REETNEETHENREERNRERE. BN
ﬁﬁ“ﬁﬁ&mﬁﬁ?ﬁﬁﬁﬁmﬁwﬁm@%ﬁﬁ @Mbﬁi%ﬁﬁ%fﬁi?iﬁﬂfﬁ
Iﬁﬁzﬁ} _

E%%@%(AP)E@%%%?&%MJ##%Bﬁﬁ&b%ﬁﬂﬁﬁﬁéﬂﬁ, ZEAPRAEMFH
560%~90% KLl APRIEF B ASFESFIN B AEREEREER, THE
FA R SR IR e R B4R SE . B BT FLAPKI A A BRI P T LM
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