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Our aim is to obtain fine (nanosized) powders of alloys

Re-Ni, Re-Co, Re-Ni-Co; simple and complex oxides.
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2 Main questions:
' ag 20 40 60 1. Whether Re-Ni-Co alloys can be
N % at Re

obtained at low (< 500 °C)
temperatures?

Alloys for aerospace

application

What particles size thus
obtained powders have?
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) | 3. Alkoxo-technology

| followed by its thermal or hydrolytic decomposition to obtain
functional materials.

Hydrolysis I—» Hydroxides
(Ni(OH),)

Ni

‘ Air or Inert

Simple alkoxo- (| atmosphere
derivatives A \ Simple or

g ThermaIl. Complex Oxides
Heterometallic alkoxo- ecomposition (NIO, C0,0,, NiReO,)

derivatives \ (150-900 °C)

- t t Hydrogen I
| Re - Ni | | Ni- Co | atmosphere Metals and Alloys

Ni - Re - Co

N | 4. Electrochemical cell

1 — Drying agent (P,O;);

2 — Condenser;

3 — Cooling water;

4 — Cathode (Pt);

5 — Anode (Re, Ni, Co);

6 — Thermometer.




Electrolyte — water-free CH;OH; background electrolyte (LiCl) —
I C.,c=0,025 M; cathode — Pt.

Nef Anode |U,v|l, ma|t, nrs. Product

Ni 16 | 45 21 Ni(OCH;),

Ni 16 | 55 | 7 Ni(OCHy),

Co 20 | 65 | 15 Co(OCHs),

Re 16 Re,O4(OCHy),,

25 | Ni,5Co,(OCHj,),

6. XRD and structure of Ni(OCHj),

1. Experimental
a=3,0739 A (0,03)
c=7,9774 A (0,55)

APS, Average particles size (from
Sherrer equation) ~ 9 nm
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2. Ni(OCHj), [1]

a=31202A; c=7,9:05A Fig. 1. Mg(OH), - type
hexagonal structure.

10 15 20 25 30 35 40 45 50 55 €0 &5 70 75 80 85 90 95100
[1] = Rogova T.V., Turova N.Ya., Zhadanov B. V.. About nickel alkoxides
/I Coordination chemistry, 1985, vol. 11, Ne 6, pg. 784-788.




| 7. Ni(OCH,), SEM pictures

nnnz1

| 8. Ni(OCHy,), IR spectrum

Correlation [1]

v (C-H) 5 (C-H)
Wavelenght,cm-!

v (Ni-O)
2916-2577 | 1589-1351 | 1141-1073

918-408

2

60

40

Transmitance [%]

T T T
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Wavenurmber cm-1
[1] — Rogova T.V., Turova N.Ya., Zhadanov B. V.. About nickel alkoxides
/I Coordination chemistry, 1985, vol. 11, Ne 6, pg. 784-788.




| 9. DTG-TGA Ni(OCH,), analysis

DTG-TGA analysis in air medium

2750C

|
DTA

1- 92 mg (100°C)
2- 87 mg (140°C)
3- 84 mg (195°C)
4- 81 mg (235°C)
5- 61 mg (260°C)
235C 6- 54 mg (275°C)

— 1 T L — 1 v I T 1 - T T — 1
1000 1500 2000 2500 3000 3500 4000 4500 T, sec.

Ni(OCH,),"nCH;OH — Ni(OCHj), — NiO

% 10. DTG-DSC Ni(OCHj), analysis

250 )
Tomnepanypa 1

Ni(OCH;),-nCH;0H — Ni(OCH,), — NiO




Ni(OCH,),

') 1. Experimental

1 a=4,1796 A (0,003)

1 5 10 15 20 25 ..I

| ') 2 NiO (cubic)

“1 1CDD 65-5745
a=4177 A ‘

Co(OCH,;),

3. Experimental

a0 4
1 a=8,0825 A (0,007)

RIFEpn 0
i} 15 i

4. Co;0,
(cubic)

ICDD 80-1532
a=8,082A |
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1. Experimental

2. NiCo,0, (cubic)
ICDD 2-1074
a=8128A

. NiO (cubic)
ICDD 65-5745
a=4177 A

. Co;0, (cubic)
ICDD 80-1532
a=8,082A




48 13. XRD of Ni(OCH,), hydrolysis product

1. Experimental
a=3,0811 A (0,000)
c = 23,4128 A (0,035)

APS, Average particles size (from
Sherrer equation) ~14 nm

10 20 30 40 50 60 70 80 90 100 28

2. Ni(OH),-0.75H,0
ICDD 38-715
a=3,080A
c=23410A

10 20 30 40 50 60 70 80 90 100 28
3. Ni(OH),-0.67H,0

ICDD 22-444
| a=5,340 A

ol L L 11 S —
10 20 30 40 50 70 80 90 100 20 c=7,500 A

R 14. Electrochemical syntheses of
&7 heterometallic methoxocomplexes

Electrolyte — water-free CH,OH; background electrolyte (LiCl) —
Cic=0,025 M; cathode — Pt.

Ne| Anode |U, v|l, mal|t, rs. Product

VI Re — Ni 7 30 | 40 Re;Ni5 ,(OCHj;)g

VIl | Re — Ni 65 | 60 10 Re;Ni; 3(OCH;)s5

VII| Ni—>Re | 26 [100| 20 | Re,4Ni,(OCH,),

IX| Re—Ni | 31 |160| 61 | Re,,Ni;(OCH,),

X |Re—Co—Ni| 20 | 50 | 22 | Ni,sRe,Coq,(OCHj),,




Rhenium  oxomethylate and nickel methylate
methanolic  solutions, obtained electrochemically
(syntheses IV and Il respectively) were mixed in
methanolic medium with vigorous stirring during one
hour.

Re,0g(OCHy)1, + Ni(OCH,), + [CH,OH] —

Content, mass. %

Formula
M (Re, Co) C

Re - 14.21

Co-117 NigRe;C0o, 1C14H,,

Re - 19.61 . . 5.43 : 1 | ReyNi; ,C; ,Hyg 6

Re -37.14 . 1.25:1 | ReyNi; ;C,6H 45

Re - 51.01 . . 1:1.52 | Re,5Ni,C;5H44 4

Re-57.13 | 5. . 1:2.7 | Re,,Ni,C,,H1p6

Re -14.70 . . 9.8 :1 | ReNiggCioHag6




17. IR-spectra comparison

Re,0(OCH;)1, Correlation Ni(OCH.,),

543 cm-! v (Re-0) [2]

v (Ni-0) [1]

v (Re-0) [2]

v (Ni-0) [1] 415 cm-!

[1]— Rogova T.V., Turova N.Ya., Zhadanov B. V.. About nickel alkoxides //
Coordination chemistry, 1985, vol. 11, Ne 6, pg. 784-788.

[2] = A. I. Ermakov, V. V. Belousov, D. V. Drobot, P. A. Shcheglov / Electronic
Structures and Properties of the Rhenium Alkoxo Derivatives // Coordination
Chemistry, 2006, Vol. 32, No. 10, pp. 701-706

S 18. DTG-TGA NiRe,(OCH,), analysis

DTG-TGA analysis in air medium 1- 101 mg (120 C)
2-93 mg (210 C)
3- 86,5 mg (220 C)
4- 80 mg (245 C)
5- 73 mg (280 C)

DTA

T

T T T T T T T T T T T T T T T T T
500 1000 1500 2000 2500 3000 3500 4000 4500 T, sec.

Ni,Re,(OCHj), :nCH;OH — Ni,Re,(OCH,), — NiReO,




decomposntlon product (in air)
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| 2 21. XRD of Ni,Re,Co,(OCH,), thermal -
~ - M8 decomposition product (in hydrogen
. . T % mass
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i~ 22 Re, Ni, Co methoxocomplexes
> | decomposition products

: Thermal decomposition products
Hydrolysis

product In air In argon In hydrogen
medium | medium medium

Compound

Re,Ni (OCH,), NiReO, - Re — Ni alloy

Ni,Co,(OCHj), N'ﬁ%o‘* Ni — Co alloy

Ni(OCH,), NiO i Ni

Co(OCH,), Co,0, Co

Re,04(OCH,),, ReO, Re

| Ni.Re,Co, (OCH,),, N',\'Ti‘éo“ Ni-Re-Co alloy




548  23. Economical efficiency indexes

Year 1 Year2 | Year3 Year 4 Year 5
January | January | January | January | Janunary ‘Total

Cash Flow msrub |-9203750] 677848 | 7e6782 | 855716 | 944113 [3c 044183

| Cumulative Cash Flows ras b |9 203 750]-6 033 7582 255 346|111 611 612]22 028 894] 3¢ 044 183
Chscount Factor 1,000 0,893 0,797 0,712 0,636
Lhscounted Cash Flows mswub [-9203 7s0| e0s 221 | 11274 | evoosz | soooor 22887 ver

! | Cumulatwe Discounted Cash Flows rus.rub. |-9 203 750|-6 378 094| 581 089 | 7 595 153 |14 568 33622 887 797

| Investment ms b | & 935 000 0 1] 0 B 935 000
Dhscount Faclor 1,000
Liscounted Investments rus.ub. | 8 935 000 o o 0 o 935 000

Payback period, PP mnth 24
et Present Value, NPV x2 887 797
| Internal Rate of Remen, [RR - - %o 4% e 8%

| | Eeturn on investment, ROI 256%%

24. Conclusions

Alkoxo-technology has been proved to be
an effective route for Ni-Re-Co alloy fine
powder synthesis with adjustable metals
ratio (RU 2010132289 Pat. Appl.);

Varying alkoxide decomposition parameters
made possible to obtain simple and
complex oxides, hydroxides and alloy fine
or nanosized powders;

Heterometallic Ni-Re and  Ni-Re-Co
methoxocomplexes were obtained first time
ever, their properties being investigated.
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