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Ч01ン 90C(D乙o」loq ?l ǹrlo u9!Ч6u tuep n9!119A
″9′′

'9ス

″′ι″。●。9暉。″ツC・ル・Z
u19!Ч6u onЧ■・Z

つ。np nЧI Ш9Чd u?Se'。1'ЧO Чull

oeЭ},so?Ч】!QЧ1 6u9p̀6u06uoハ10!NマA Cc)ZO」

l!X0090 n)!N マAe」 uOκn6u u?OЧ Чuり1 9nb oOЧ
6u9p u91 s/、v!q19!Ч〕6uo」lス9ox d̀o1 6uOn」l!9ttl
マA u9!Чl u9!q ЧuOu1 6uρnコ1 41 eOo 6uop oヮlQA nり0
uO!Ч6u κeq Чuりl !91 6uりЧo κマu o9q !?q 6uo」■ ・00Ч eOЧ llu1 0A OeO Чu!ll●OЧ Ò0ハp00 eA
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・1クl dolЧ6u 6u9o!9Ч19Чd n911 u9人n6u u9n6u 6unp ・
ucl d9Чd oЧo uQЭ e」!?o6u `o9ハЧI Ч例】00Чl nQp
6u9p:●Ч loq u9Чd̀oeo ЧoOs 19p l`PA 1001 Lul】19q dOЧ
6uol doudl oЧЭ`u9!6 uop!Op 6uon]マ|しu!】u9人nl―e9Ч
d9Чd 6uonЧd 200 tu9!p ǹ「l ・00np nЧ1 19ЧO d̀olЧ
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mi cro Fe2C) 3t hu dugC Sau qua t nnh nhi Ot  phan
hydroxi t  si t ( l ‖ ) α ―Fe00H( COng t y H6a chat

a)

Tむ' anh SEM vat l i Ou ban dau cho t hay cac hat
mi cro Fe2( D3C6dang kh6i  cau d6 x6p cao, duong
ki nh 5■ 7 μrn, cOn c6c hat  nano Ni O c6 dang vう y
rr16no ki ch t hυ Oc co 100 nm. dav 10 nnl . Di On t FCh

l , : ち鳴
『

t Ci a ch̀ ng do duò l an i 岬 |ら 7, 2 va

22P力 ″ oη g pt t ρ ″ g‖ 6″ 9"    ・・
Thi  nghi Om nghi On C口 u dOnd hOC qua t r i nh hOan

nguyOn Feぬ Ni tッ

“

α oxi t  Fe200哺 Ni O t uα ng口ng
duOC t i On hanh t rOn t hi Ot  bi 16p xoay“ UAP- 3", CHLB
Nga( Hl nh 2)「 gi a t r i  bi On do cam口 ng cOa tン t rυ さng
bi en t hi On ap t rong bu6ng phan t i ng( l at  O, 16・「 .

H. 2. Sα  dO caυ ね0詢だf b′ ′∂o xoby υハP- 3, 7-
Lあng t t f月 2′ 2- 30"∂ ″

“
m t t gル c6″ g

sυ ar caOJ  3- Cac力 ar cOng rdc sar f ι ン; 4‐ ( 〕υ6″

d25- Bυ δηg"う″ 閉g∞ 詢δ
` 浦

υ c力わ力″力i ∂ f

Cac hat  cOng t ac s; t tン t ao ra m6i  t rυ Ong 16p
xoay dt Poc l am tむ' cac di nh t h6p nh6 chi ё u dai  5
mm, dυ さng ki nh O, 5 nl m. M6i t hi  nghi Om t i 6n hanh
vdi  20 g vat l i Ou va sl }、 dung 50■ 60 g di nh si t t l ン .

Khf  hydro dげαc cung c, 箋ptむ t hi 6t  bi  di en l y nυ 6c
“CAM‐ 1"( CHLB Nga) cOng suat  80 1/h. Khi  H2t aO ra
dυ oc l am kh6 qua hO t h6ng cac hat  h̀ t  am
si l i cagel . .

KHO■ ‖00 VA 00‖ G‖ GHE MO

REACHEM, CHLB Nga) 6 nhi et  d0 350° C t rong
vong 2 gi さ .

( 2)

´

[ ) 6 xac di nh cac t ham s6 nhl ot  dong hoc qua
t nnh hoan nguyon t rong di ё u ki On b△ t  dang nhi Ot ,
c6c mau vat l i Ou ban dau g6m bOt  ml cro Fe203 Va
nano Ni C) duoc t i 6n hanh khう os` t bら n00hυ O, no
ph6p phan t i ch nhi ot  kh6i  t ron t hl ot  bi  phan t i ch
“SDTQ600' ' ( TA I nst rul Tl ent s, Hoa Ky) vσ i  di ё u ki On
tOc dO nung. khOng d6i  5° C) /ph̀ t  t rong mOi  t ru Ong
khf  hydro vら khoang nhl ё t  dO tき ' 25=500° C) .  Phan
t i ch di nh t i nh va di nh l υ 。, ng t hanh phan cac pha
t rong cac rnau vat l i Ou t heo phυ 。, ng ph6p nhi 6u xa
t i a l X duoc t i 6n hanh t rOn t h16t  bi  ` ` Dl f rev 401' '
( CHLB Nga) , hl nh anh hi 6n vi  SEM■ 6a c( i 3mau
Vat  l i Ou nghi On cク u duoc chup t rOn rrl ` y “J SM―
6700F' ' ( COng t y J EOL,  Nhat  Ban) ,  t rong khi  d6  .
di on t i ch bё  rnat  ri ong coa ch̀ ng duoc xac di nh
bうng phuong ph̀ p BET hap phu dう ng nhi Ot  ni t o'     こ
nh10t   dO  t hap  qua  t hi Ot   bi   “N( DVA  1200"
( Quant achrome l nst rument s, Hoa Kッ ) .

CO hat t rung bi nh D cOa bOt  ki m l oai t hu dυ 。, c t i nh
t heo phυ ong t r l nh Sel yakov― SerЮr[ 6] ( phan t i ch b̀ n
do rong cac pi c t ron gi an do nhi 6u xa t i a x) va dua
vうo sO l i Ou do di On t i ch bO rnう t t heo cOng t h6, c:

D=6/ ( p. S) .                     ( 1)
Trong d6: ρ ―Kh6i l υ ong ri Ong cOa mau, kg/m3: S―
Di On t i ch bO mう t cOa mau, m∠ /k9・

Nうng l uong hoat  h6a cOa qua t nnh hoan nguyen
t rong di ou ki on bat  dぅ ng nhi ot  dυ oc xac di nh dua vぅ。
phuong ph6p̀ ` Hi ou_vi  phan", s[ dung phuong t nnh
cα  ban caa dong hoc phan ung『 ] :

主=△ F( α ) Lxori )dT b  ` ′  . ( R. Tノ

Trong d6: α ―Mi c dO chuy6n h6a, phan dα n vi : T―    ・ _

Nhi Of  dO, K; A― HO s6 exponent「 s・ i b― T6c d6  ‐

nung,  K/s:  Ea―  Nうng l υ o' ng hoat  h6a,  J /mol ;  R―
Hとng s6 khi ,  J / ( l nol ・ K) ; f ' ( α ) ― Ham s6 phu t huoc

b)

"

■

‖ 7. スη力SEM bδ r mFc“ O Fe200ソ a nanO ⅣFOf a~M′ CЮ Fe203j  b― NanO N′ O

口: ヨ] 11 00‖ G‖ GHI EP M6. S61‐ 2017
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l!XO 10Ч Oヮ0)ltu oq uop leЧO)IA
dρloeo enb o」pκЧ nl uo人n6u oeo uワl Ч00nЧ】uOop
le16 !`pq !p tu9ЧЭ !q u9κn6u uマOЧ ЧuJ1 9nb 9p.op
:o」pκЧ`nl uo人n6uo,o !っIA}!XO leЧ 090 eoO l?tu Qq
O'X d9!l ЧOりl uo!p Ш9!6Шマlκ?u n9!p ЧulЧO・0000p
ll!Чu uo!】n9!p6uo」l uoЧ upl)IЧ Чu?Чl n1 19】Чut」l

'nb 
Ч01ЧI ЧOり】neЧu u91 1,Ч 6ùòn」1■l eOo 6uop
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t t Pでンng l て
' p x06y kOt t h̀ c sau khoang 35 ph̀ t , ct t ng vOikhoang t hOi  gi an d6 phan t i ' ng kh6, t ong rnOi  t i t P(ン ng ap

tむ Va mOi  t LPδ ng t l nh mOi  di On ra VOi  mi C 66 Chuyen
h6a24■ 26%. TOc dO hoan nguyen t ong n16i t u' く ンngl て , p
x。

` y bng manhi a dO hi ouク
ng hOd h6a cc hoc coa(ヵ c

ha st t υ  bcdong tⅣ ct i 6pl on vat l i ou tЮ ng bu6ng phan

a)

i ng, va dap co hOc cυ ong do manh l arl 憮 ng nhi ё t  dO
CuC bO bi 〈 χ i C dem Va cham, 通 ng hoa t hh h6a hoc bO
rr l う t cこa cac hat oxi t cJ ng nhυ  l oai  b6 qan nhu hoan t oan
Moc kё t t u cac hat  voi  nhau t aO dё u ki on d6 danO chO
qu6『l nh khu6ch t t n nguyon t [ h"Ю don“ cbざ mat
xay熙ョphうn i ng.

・“

b)

nano N10. T=280・C
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刀

ヾ
い
．も

血 c=o Fe■ O. I―づ 0・C
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1
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, phl t
● ,    , 0

Mau vat l i Ou Nhi Ot  do,  C Hらng s6 t 6c do phan, ngた・7θ
′3, m/s

MOi truong tTnh MOi  t ru' On g apt υ I\il6i trudng l6p xoey
Mi cro Fe203 450 4, 0 3, 0 15
Nano Ni O 280 26, 3 21, 6 109, 6

K6t  quう do di On t i ch bё  mう t  va cα  hat t rung bi nh
coa san pham t hu dυ oc sau qua t r l nh hoan nguyOn
t υ  bOt  mi cro Fe203 Va nanO Ni O t ronζ cac di さ u ki On
kh6c nhau dυ oc t nnh bay t rong Bう ng 2.  SO l i Ou
cho t hay di On t i ch bさ mぅt  cOa cac hat  ki rn l oai  t hu
dυ oc nh6 hon gi a t r i  t ucng口 ng caa cac bOt  oxi t

卜
●

Mau ThOi  gi an
T, ph̀ t

%Fe
( Nl )

E) i On t i ch ri Onc
bO mう t S, m∠ /g

CO hat t rung
bi nh D, nm

CO hat theo Selyakov-
Serrer, nm

Mi cЮ
Fe200

Fe203ban dら u ′ 0 7, 2
MOi t rυ Ong t Tnh 200 78 3, 6 238
MOi t rυ Ong̀ p t υ 200 73 3, 5 251
MOi t rυ Ong xOay10p 120 100

Nano

Nio

Ni O ban dau 0 145, 2 6 7
tVI6i trudng tTnh 100 7, 3 92 76
Ivl6i truong dp tir 90 93 10, 9 63 65
MOi t rυ δ ng xoay l σ p 40 100

・
〕
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‖ / . CaC d“ δηg dOng力OC 9υ
` ″

′ ′7わ 力Oaη ′ gυ y6η  rク bδ r" ′ c■ O Fe200̀ aり ′ δ ηaη ο N' 0̀ bリ
1■Ong cう o"δ ′ f rι ′Oη g kわ

` cη
わaυ , 7-Mδ 41石′ Oη g′ 6p xò 万 2- ν δ′ f rυ ' クηg f胸カチ3- ν ∂′ f r“ Oη g̀ ρ fク

3j ″ g7. ′ ―′ a′ , g s6̀ ∂ c di 6 ρ力δ″ υ4, 99υ ろ
` ″

′ ′ ゎゎ。an″ gυ yδ ′, 1ク bδ l ″ , ′ ο 。́1「e2C' 3Va na″ 0ノV′ 0

si ou mi n ban dら u, dayl ぅ ho quぅ coa qua t r i nh t hi Ou
ket  c6c hat  si Ou rni n t rong di Ou ki On nhi Ot  dO ca。 .   .
Do qua t r l nh t hi Ou kё t  di ё n ra vOi  cυ Ong dO manh, ｀
sぅn pharl ■ Oa qua t r i nh hoan nguyOn t rong rl oi
t ruδ ng l ο p x06y l a cac hat  co 16n dang agl omerat  ・

c6di On t i ch bO mう t rat  nh6 khOng dang k6.   .

Bδ ηg 2. κ δf  9ι 」うdo d′ 6η  rFcわ わδ ′ηδ4 C∂ 力à ` ● υηg bi η 力1′ aわ a′ η ′●oη g ρヵak′ m′ οaf  οJ a c6c sδ η ρわδ′"′, Oan″ gι l ye″

159

90

Phan t i ch hl nh anh hi 6n vi  SEM cOa cac san pham  si Ou mi n c6 phan b6 hat t heO kf ch t hυ Oc kh6 d6ng
hoan nguven tシ bOt  nl i cro Fe203( Hi nh 5) cho t hう y  dё uv∂ i  cё  hat  O, 2=0, 8 μm. Trong mOi  t rυ さng aptむ
rnau Vat i i Ou t hu dt Poc tい ong rn6i  t ru' Ong t Tnh l a bOt  Fe  cac hat  nay k6t  t u t hanh cac kh6i  agl onl erat  d6 x6p
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n119】6ùoねЧ nx 9o n1 6uonl`6ue」oコ11Ч1916u9!q
`u」L00レ=00̀90!N Oueu llЧ 090マl u91Чl u9!q ЧuOtu

■l d9 6uOn」l19L16uo」l u9人n6u uマOЧ l■:9Чd u9S

9‖ョHON 9‖00V100H10HH ‖N3

ε]

●

(。(q

tuL 091‐0,■)o9nЧI Чol】6ùn」l o9p!N Oueu llЧ
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San pham hoan nguyen bOt  nano Ni O t rong i η Oi
t ruOng i p t υ  manh bi ё n t hi en l a c) ac hat  nano Ni c0
30‐ 100 nnl . San pham sau qua t r i nh hoan nguyOn
t υ  bOt  mi cro Fe2( D3Va nanO Ni O t rong i Υ 10i  t ruOng
l ( ンp Xo6v l a cac vi en ki rn l oai  Fe va l Ni  dう c kh6i  voi
ki Ch Cё  t υ Cng口ng l an l ugt l a 200‐ 1000 μm va vai
chuc d6n l oo μm. □
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NgwOi  bi On t ap: Tran Van Trech
Tむ kh6a: dac f π 閥l g dδ ″gわ9C, ・ bOf  s′ θυ m′ ″ ′ 9υ う

f r i ″ ヵゎ。a″ ngυ yθ ″ J “ δ′ : ためng rυ O"g f 6c
Ngay nhan bai : 7′ ‐θθ- 20ブ 6
Ngay duyet  dうng: 2577- 2θ ブ6

ln here we present the studies of the kinetic
regularities of the ferromagnetic nickel and iron

ultrafine powders by hydrogen reduction in a
stilllayer, in a layer under influence of strong
alternating magnetic field and in a vortex layer
created by ferromagnetic bodies under the
action of this field. Via TGA, difference-
differential method and Mc Kewan models we
calculated kinetic parameters of the reduction
processes. Properties of the obtained reduced
product were studied by the X-ray diffraction,
specific surface area by low-temperature
nitrogen adsorption measurements and
scanning electron microscopy. lt has been
shown, the reduction process of micro powder

and nano-powder in the magnetic field
somewhat slowed, but the rate of reduction in

the vortex layer is increased from 4 to 5 times.
The dispersion of the obtained Ni and Fe
powders is reduced compared with the initial
oxide samples. Products of reduction processes
in the vortex layer are metal granules of Fe and
Ni sized of 200-1000 pm and 100 pm,

respectively.

SUMMARY

r爾
` ρ

めeO f rang 7o

cho dさ u t u can chuan bi  do, 9u6n v6n can
t hi 61.  T6i  t hi 6u khoang 100 t r i Ou USE) ( d6i  voi
nha rnay COng suat  khoang 30. 000 t an/ni rn) dOn
200 t r i Ou l J SE)  ( d6i  v16i  nha rnav 60. 000
t i n/nぅm, COng t ac｀ dうo t ao ngu6n nh蔀 l υ c can
dLPOC dう rγ l  bう o hi nh t hanh dt Pcc d6i  ngO can bO
quan l ′ ,  van hanh cong ngho t hanh t huc,  dat
hi Ou quう

:

>Y6u t 6 h6 t ro coa Nha nυ Ocl a cuc kヤ quan
t rong.  Nha nt POc t ao di Ou ki On ve cac mう t  nhu:
Chi nh Sach vё  quう n l y, bう o vO n16i  t rt ′ こソngi  Chi nh
sach h6. t ro,  vё  v6n,  t hu6 cac 10ai "…  d6 cac

'        ^″      _    3
SA‖ XUAT Ti 02 BA‖ G. . .

doanh・ nghi Op l an ( dau l , nl
cl orua c6 t h6 d口 ng vO' ng, t ru
phat  huy hi ou qu6. [ ]

g dung cong nghe
l ai  v6i  t hi  t ruong va
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