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1. Téng quan
Bot siéu min clia cac kim loai sat tr nhw Fe, Ni,
Co hién nay dwoc trng dung réng rai trong cac linh

~ vyc cobng nghiép, cac nganh cong nghé cao, ky

thuat, y té,... Vi du dung dé ché tao cac vat liéu dd
bén cao bang cong nghé luyén kim bot, gid hop
kim, vat liéu composit; lam chét xuc tac trong céng
nghiép hoa dau, thyc phdm, phuc vu san xuét cac
vat liéu tir dac biét nhw nam cham léng, cac loai
bang, dia, thé tir [1]. :

B6t siéu min cla cac kim loai thub’ng dworc diéu
ché bang cac phwong phap nhw nd dién day dan,
tdbng hop héa hoc plasma,... Cac phwong phap
nay déu cé murc tiéu tén nang lvong cao va kho
cho phép kiém soat cac tinh chéat ctia san pham thu
dwoc [2]. Vi vay viéc nghién clru hoan thién cac
phuwong phap da cé va tim ra cac phwong phap
ma&i hiéu qua, don gidn, tiét kiem nang lwong hon
dé diéu ché bot siéu min cta kim loai, trong dé co
kim loai st tr 1& mét nhiém vu can thiét va co
nhidu y nghia ca v& mét khoa hoc 1an thyc tién.
Hién nay, s& dung phuong phap héa-luyén kim
cho phép dat dwoc co ban nhirng yéu cau trén [3].
Phwong phap nay bao gom cac qua trinh sau: ket
tia c6 kiém soat cac hop chat chira oxy cta kim
loai trong moi trvdng co6 pH va nhiét do xac dinh dé
thu dwoc ciu trac hat siéu min, loc rira két taa
bang may quay ly tam, nhiét phan va hoan nguyén
hop chét thu dwge. Uu diém cla phwong phap
héa-luyén kim la twong déi don gian, cho phép tong
hop bét kim loai véi d6 sach cao, phan bd hat dong
déu theo kich thwéc, ngoai ra con cho phép tan

- dung nguén nguyén liéu phé thai céng nghiép [4].

Tuy nhién phwong phap. héa-luyén kim van con
han ché bdi giai doan thwe hién qua trinh hoan
nguyén kim loai thud'ng mét kha nhiéu thdi gian va
nang lwong, do phai gilr cho phan ng khir kim

loai bang hydro xdy ra & nhiét do cao trong mot
thoi gian dai.

Hién nay nguwdi ta da eng dung mot cdng nghé
gitip tang cwdng téc dd qua trinh 1én rét nhidu d6 la
st dung hiéu wng hoat héa co hoc trong mdi
trwdng tr trwdng cuwong dé manh. Céc,thiét bi
cbng nghé nay dwoc goi chung la cac “thiét bi 16p
xody” (AVS) [5]. Nguyén tac lam viéc cla AVS dya
trén sy tac dong déng thoi 1én vat liéu mot tl
trwong bién thién cwdong dé manh cong voi tac
dong co hoc trwe tiép clia cac hat cong tac (sat tir)
chuyén dong hén loan véi téc do cao trong tir trudng.
Két qua 1a cac vat liéu dem x ly trong budng cong
tac AVS'sé bi khuéy tron lién tuc véi cwong dd manh
va ¢6 dwoc hoat tinh cao vé mat héa hoc.

Trong bai bao nay chung ti trinh bay nghién
clru vé tac dong cuda tir trwéng manh bién thién va
méi tredng |16p xody trong thiét bi AVS I1&n dong
hoc qua trinh hoan nguyén Fe va Ni tir cac oxit
Fe,03 va NiO twong (rng, dong thoi khéo sat cac
tinh chat ctia san pham thu duoc.

2. Thwc nghiém

2.1. Diéu ché cdc méau vat liéu

Vat lieu dem nghién ctru 1a bot Fe,O; co kich
thwéc micromet (micro Fe;Oz) va bdét nano NiO
(Hinh 1). B6t nano NiO thu dwgc sau qua trinh
nhiét phan bot nano Ni(OH), & nhiét d9300°C trong
vong 2 gidr. Trwéc dé bot nanoNi(OH), dugc tong
hop béng phuong phap héa lang két tia tr dung
dich mudi Ni(NO3), ndng d6 10 % [didu ché tir mudi
Ni(NO3),'6H,0, Céng ty Héa chat REACHEM,
CHLB Nga] trong méi trwong kiém véi dé pH bang
9, nhiét do 10°C. Két tGa tao ra dem loc rira bang
nwéc cat trong may quay ly tdm tdéc do cao
“ROTANTA 460" (Hettich, Dirc), sau dé sdy khod
trong 16 & nhiét do 50 °C trong vong 72 gio. Bot

CONG NGHIEP M0. 56 1-2017 [



KHOA HOC VA CONG NGHE MO

micro Fe;Os thu dwoc sau qua trinh nhiét phan
hydroxit sat (lll) a-FeOOH (Cong ty Héa chat

Tlr &nh SEM vat liéu ban dau cho thdy cac hat
micro Fe,0;c6 dang khoi cau dd xbp cao, dwong
kinh 5+7 pm, cdn cac hat nano NiO c6 dang vay
maong kich thwéce ¢ 100 nm, day 10 nm. Dién tich
riéng b& mat ctia chiing do dwoc lan lwot 1a 7,2 va
145,2 m?/g.

2.2. Phwong phap nghién ciru

Thi nghiém nghién clru dong hoc qua trinh hoan
nguyén Fe va Ni tlr cac oxit Fe;O3 va NiO twong (rng
dwoc tién hanh trén thiét bj Iop xody “UAP-3", CHLB
Nga (Hinh 2), gia trj bién @6 cam (rng clia tir trdng
bién thién ap frong budng phan (rng dat 0,16 T.

H.2. So d6 céu tao thiét bj Iop xady UAP-3: 1 -
Ludng khi Hz; 2 - Bo phan cam Ung tir cong
suét cao; 3 - Cac hat céng tac sét tir: 4 - Cudn
day; 5 - Bubng phan ting c6 thé diéu chinh nhiét

Cé4c hat cong tac sét tir tao ra mdi trwong 16p
xo0dy dugc lam tlr cac dinh thép nhod chiéu dai 5
mm, dwéng kinh 0,5 mm. M&i thi nghiém tién hanh
véi 20 g vat liéu va sir dung 50+60 g dinh st tiv.
Khi hydro dwoc cung cép tir thiét bi dién ly nwéc
“CAM-1"(CHLB Nga) céng suét 80 I/h. Khi H; tao ra
dwgc lam khd qua hé théng cac hat hut &m
silicagel.
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REACHEM, CHLB Nga) & nhiét d 350°C trong
vong 2 gio.

H.1. Anh SEM bét micro Fe,Osva nano NiO: a - Micro Fe>03; b - Nano NiO

Dé xac dinh cac tham sb nhiét dong hoc qua
trinh hoan nguyén trong diéu kién bat dang nhiét,
cac méu vét liéu ban dau gdm bét micro Fe,05 va
nano NiO dwoc tién hanh khdo sat bing phuwong
phap phan-tich nhiét khoi trén thiét bi phan tich
“SDTQ600™ (TA Instruments, Hoa Ky) v&i diéu kién
téc dd nung khéng ddi 5 °C/phat trong méi truéong
khi hydro va khoang nhiét do tir 25+500 °C. Phan
tich dinh tinh va dinh lvgng thanh phan cac pha
trong cac mau vat liéu theo phuong phap nhidu xa
tia X duwoc tién hanh trén thiét bi “Difrey 401"
(CHLB Nga), hinh &nh hién vi SEM clia cac méau
vat liéu nghién ctu dwoc chup trén may “JSM-
6700F" (Cong ty JEOL, Nhat Ban), trong khi dé
dién tich bé mét rieng cla chung dwoc xac dinh
bang phwong phap BET hap phy dang nhiét nito
nhiét d6 thdp qua thiét bj “NOVA 1200
(Quantachrome Instruments, Hoa Ky).

C&' hat trung binh D ctia bét kim loai thu duorc tinh
theo phwong trinh Selyakov-Serrer [6] (phan tich ban
dd réng céc pic trén gian do nhiéu xa tia X) va dya
vao sb liéu do dién tich bé mat theo cong thirc:

D=6/(p.S). (1)
Trong dé: p - Khdi lwgng riéng ctia mau, kg/m’; S -
Dién tich b& mat ctia mau, m%kg.

Nang lweng hoat héa ctia qua trinh hoan nguyén
trong dieu kién bat dang nhiét dwoc xéc dinh dwa vao
phuong phap “Hiéu-vi phan”, st dung phuong trinh
co ban ctia dgng hoc phan tng [7]:

da _ A =

dT b 'f(a)'exp[R.T @)
Trong d6; a - Mirc d6 chuyén héa, phan don vi; T -
Nhiét G, K; A - Hé sb exponent, s™'; b - Téc do
nung, K/s; E, - Nang lwgng hoat héa, J/mol; R -
Hang sb khi, J/(mol'K); f(a) - Ham sb phu thudc

————
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clia van téc phan (rng vao mirc dé chuyédn héa a;
f(a)=(1-e)"; n - B&c cla phan (ng.

Cac dwong dong hoc cla qua trinh hoan
nguyén trong diéu kién dang nhiét dwoc xay dwng
dwa trén phwong phap phéan tich khdi lwgng mau
theo thoi gian, trong d6 budng phan (rng cta AVS
dwoc tich hop thiét bi can chinh xac dén 0,001g
cho phép xac dinh do hut khéi clia mAu vat liéu
trong qua trinh xay ra phan (rng. S6 liéu thu dwoc
dung dé xay dwng db thj dong hoc a=f(t) - Sw phu
thudc mirc do chuyén héa vao thoi gian.

Hang s6 téc dd phan (ng k (m/s) trong didu kién
déng nhiét dwgc tinh theo phwong trinh déng hoc
Mc Kewan [8]:

kt=D.dy.[1-(1-)"*| "

Trong do: d,- Ty lwgng oxy co trong oxit kim loai; ©
- Thoi gian, s.

3. Két qua va thao luan
Két qua phan tich nhiét khéi (H.3) cho thay qua

a)

H.3. Bé thj phéan tich nhiét khéi qué trinh hoan nguyén tir bot micro Fe,0; (a) va nano NiO (b)

trinh hoan nguyén Fe tlr bt micro Fe,0, trdi qua 2
giai doan twong (rng voi 2 pic trén db thi. Giai doan
thr nhét 1a qua trinh khi» Fe,0O; v& oxit sat tir
Fe;04 theo phan (rng 3Fe,O3+H,=2Fe;04+H,0;
van téc phan &ng riéng Ién nhét dat gia tri 7,910
"tai 325°C. Giai doan th hai twong ng véi qua
trinh  khir Fe;O, vé Fe theo phan (ng
Fe304+4H,=3Fe+4H,0, dién ra trong khoang nhiét
dd 360+530 °C. Gia tri van tbc phan (rng riéng lon
nhat dat 35,6'10°s” tai 490°C; nang Iwgng hoat
héa ctia quéa trinh 1a 74 kJ/mol. Twong tw trén dd
thi nhiét khdi qué trinh hoan nguyén Ni tir bt nano
NiO c6 2 pic twong ng voi hai giai doan xay ra.
Giai doan thtr nhét twong (ng véi qua trinh loai bé
nwéc hap phy trong tinh thé NiO con sét lai do qua
trinh nhiét phan Ni(OH), xay ra chuwa hoan toan.
Giai doan thir hai ta qua trinh khir NiO vé& Ni kim
loai theo phan (rng NiO+H,=Ni+H,0 xay ra trong
khodng nhiét dé 250+300 °C v&i nang lweng hoat
héa clia qua trinh 54 kJ/mol. Van téc riéng 16'n nhét
dat gia tri 61,5-10°s™ tai 280 °C.

b)

i béng khi Hz: 1 - Van téc phan ting riéng, s'; 2 - Thay dbi khéi lvong méu, %

Trén co s& cac tham sb nhiét dong hoc thu dwoc
" sau qué trinh phan tich nhiét khéi da tién hanh nghién
ctru cac dac trng dong hoc qua trinh hoan nguyén Fe
Ni tir bot Fe, O3 va NiO tuong (ing trong thiét bi AVS
“UAP-3" tai cac nhiét d6 duwoc chon Ian lwot 1a 450 va
280°C. H.4 thé hién cac dudng déng hoc qua trinh
hoan nguyén tir bét Fe,O; va NiO trong méi trwdng
tinh, moéi trwdng ap tir va moi trwdng 16p xoay. Cac gia
tri héing b tbc d6 phan trng k trinh bay trong Bang 1.
Tl céac dwdng dong hoc thu dwoc déi voi ca hai
trwdng hop Fe;0s va NiO cd thé két luan réng van
toc qua trinh hoan nguyén trong moéi trwong ap tir it
nhiéu bi Ziém so v&i trong méi trudng tinh. Diéu
nay co thé gidi thich do hién twgng cac hat kim loai

Fe (trong trwong hop khir Fe,Oz) va Ni (trong
trero'ng hgp khir NiO) sinh ra cé tir tinh, dwéi tac
doéng cla tir trwérng hat 1&n nhau kich thich qua
trinh két tu thanh hat Ién hon trong diéu kién nhiét
dd cao. Chinh diéu nay lam gidm dién tich tiép xuc
bé mat clia cac hat oxit véi cac nguyén t&r hydro;
do d6 qua trinh hoan nguyén bi cham di b&i giai
doan khuéch tan cac nguyén t&r hydro qua céc I6p
vat chat dén bé mat cac hat oxit.

Phan (rng hoan nguyén Fe va Ni tir bt micro Fe;0s
va nano NiO tuwong trng trong méi trudng I6p xody dién
ra véi van tbc I6n hon tir 4+5 Ian so véi mdi trwong finh
va mai truong &p tir. Trong trudmg hop déi véi bdt nano
NiO qua trinh hoan nguyén tao ra bdt Ni frong méi
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tréng I xody két thiic sau khoang 35 pht, cling voi
khoang th&i gian d6 phan (rng khtr trong méi treong ap
tlr va mdi trudng finh mai dién ra véi mire do chuyén
héa 2426 %. Téc dd hoan nguyén trong méi trwdng l6p
xoay tang manh la do hiéu trng hoat héa co' hoc clia cac
hat sét tir tac dong tnc tiép 1én vat liéu trong budng phan

a)
micro Fe20s, T=430°C

1

(1] an 60
t phut

ung, va dap co hoc cwdng dd manh lam tang nhiét o
cuc bd tai cac diém va cham, tang hoat tinh hoa hoc bé
mét clia cac hat oxit ciing nhw loai bé gan nhu hoan toan
viéc két tu cac hat v6i nhau tao diéu kién dé dang cho
qua trinh khuéch tan nguyén tir hydro dén cac bé mét
xay ra phan (ng.

b)
nano NiQ, T = 280 °C

0 10 20 o 40 SO HAQRLE A | A0, A ken:
t, phit

H.4. Céac duong dong hoc qua trinh hoan nguyén tir bot micro Fe,03 (a) va nano NiO (b)
trong cac méi truong khac nhau: 1 - M6i truong I6p xody; 2 - Méi trirdng tinh; 3 - Méi trirong ap tir

Béng 1. Hang sé tbc d6 phan dmg qué trinh hoan nguyén tir bot micro Fe,0s va nano NiO

MAu vatliéu | Nhistds, °C | Hang s6 téc d6 phan (g k-10"°, m/s

e 2 M@i triedng tinh Mai trwdng ap tir M6i treong I6p xoay
Micro Fe,O; |~ 450 4,0 3,0 15
Nano NiO .~ 280 26,3 21,6 109,6

Két qua do dién tich bé mét va c& hat trung binh
cla san pham thu dwoc sau qua trinh hoan nguyén
tlr bot micro Fe,O3 va nano NiO trong cac diéu kién
khac nhau dwoc trinh bay trong Bang 2. Sé liéu
cho thdy dién tich b& mat clia cac hat kim loai thu
dwoc nho hon gia tri twong (rng cla cac bét oxit

siéu min ban dau, day la hé qua cua qua trinh thiéu
két cac hat siéu min trong diéu kién nhiét do cao.
Do qua trinh thiéu két dién ra véi cwéng dé manh,
san pham cla qua trinh hoan nguyén trong méi
trwdng I6p xody la cac hat c& I&n dang aglomerat
c6 dién tich bé mat rat nhd khéng dang ké.

Béang 2. Két qué do dién tich bé mat, c& hat trung binh va ham lwong pha kim loai ctia céc san pham

hoan nguyén

Mau Thoi gian| % Fe Dfén tich riégig C®& hat trung | C& hat theo Selyakov-
T, phut (Ni) | bematS, m7/g | binh D, nm Serrer, nm

Fe,0; ban dau - 0 7.2 159 . -

Micro |Méi trwding tinh 200 78 3,6 238 - E
Fe;03 | Méi trudng ap tir 200 73 3,5 5 2o] -
Méi tredng xoay 16p 120 100 - - -

NiO ban dau - 0 145,2 6 7

Nano |Méi trwedng tinh 90 100 43 >=ul 42 76
NiO [Mai tredng ap tir 90 93 10,9 63 65
M&i trwdng xody 16p 40 100 - - -

Phén tich hinh &nh hién vi SEM clia cac sén pham
hoan nguyén tir bot micro Fe;O3 (Hinh 5) cho thay
mau vat liéu thu dworc trong méi trwvong tinh 1a bot Fe
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siéu min c6 phan bd hat theo kich thudc kha ddng
déu véi c& hat 0,2:0,8 pm. Trong méi truding &p tir
cac hat nay két tu thanh cac khéi aglomerat do xép
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cao v&i kich thwée cd 5+10 um. Hoan nguyén trong
mdi trudng I&p xody dién ra véi toc dd cao nhng san
pham thu dwgc co dd phan tan thap, la cac vién kim
loai Fe dac khdi kich thudc 200-1000 pm.

Twong tw, nghién ctru anh SEM clia bét kim loai
Ni thu dwoc sau qua trinh hoan nguyén cac méau
nano NiO (H.6) trong cac diéu kién khac nhau cho
thay vat liéu thu dwgc trong mai tredng tinh la cac
hat nano Ni dac trwng kich thwéc tir 40+150 nm.

a)

San phdm hoan nguyén trong méi truéng ap t
manh bién thién 1a cac hat nano Ni ¢c& 30+100 nm,
bién gi&i hat rd rang, twong tw ¢é xu hwéng két tu
thanh céc aglomerat I&n. Hoan nguyén bét nano
NiO trong moéi trudng I&p xoay twong tw nhw
trwong hop véi bt micro Fe 03, sé khdng nhéan
dwoc bot siéu min ctia kim loai, ma san pham la
cac vién kim loai Ni dac khéi, kich thwéc co vai
chuc dén 100 pum.

c)

120;&0-009@

H.5. Anh SEM bét Fe thu dwoe sau qua trinh hoan nguyén micro Fe,03
a - Méi trieong tinh; b - M6i trrong ap ti; ¢ - Méi triong 16p xoay

a)

H.6. Anh SEM bét Ni thu duoc sau qua trinh hoan nguyén nano NiO

a - Méi truong tinh; b - Méi trirong ap tae; ¢ - Méi truong I16p xoay

4. Két luan

Trong nghién clru ndy cAc tac gid da tién hanh
khao sat dac trweng dong hoc qua trinh hoan
nguyén cac kim loai Fe va Ni tir cdc méu bét siéu
min micro Fe,O3 va nano NiO véi cac mdi treeong
khac nhau trong thiét bj AVS “UAP-3" ciing nhw
khdo sét nhirng tinh chét cta vat liéu thu duoc. Két
qua nghién ctru cho thay:

» Qua trinh hoan nguyén tir bt micro Fe;03 xé1y
ra v&i van téc phan &ng riéng Ién nhét 35,6:10°s™,
dat dwoc tai nhiét d6 490°C véi nang lwong hoat
héa 74 kJ/mol; cac gia tri twong (ng dbi v&i bot

nano NiO lan lwot la 61,5-10°s", 280°C va 54
kJ/mol;

» Tbc do hoan nguyén trong ca hai trwéng hop
bét micro Fe,03 va nano NiO déu it nhidu bi giam
trong mai trwdng &p tir va tang lén tir 45 lan trong
moi trrdng I&p xoay;

» Do phan tan cla san phdm boét Fe va Ni thu
duwoc giam so voi vat lidu twong (*ng ban dau. San
pham hoan nguyén tir bt micro Fe;O3 trong moi
trwong tinh |4 cac hat Fe siéu min c& hat 0,2+0,8
um; trong méi trwdng ap tir chung két tu thanh cac
khdi aglomerat do xop cao kich thwdc tir 5+10 pm.
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San phdm hoan nguyén bét nano NiO trong méi
triedng 4p tlr manh bién thién |a cac hat nano Ni c&
30+100 nm. San pham sau qua trinh hoan nguyén
tr bot micro Fe;O3 va nano NiO trong moi trwdng
I6p x0dy la cac vién kim loai Fe va Ni dac khéi voi
kich c& twong (rng lan lwot 1a 200-1000 pm va vai
chyc d@én 100 ym.0O
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SUMMARY

In 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. It 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.

SAN XUAT Tio, BANG. ..

(Tiép theo trang 78)

Chu d3u tw cAn chuén bi du ngudn vén can
thiét. Téi thidu khodng 100 trigu USD (d6i voi
nha may céng suét khodng 30.000 tAn/nam) dén
200 trigu USD (dbi véi nha may 60. 000
tAn/ndm). Céng tac dao tao ngudn nhan lwc can
dwgc dam bao hinh thanh dwgc doi ngl can bd
quan ly, van hanh cdong nghé thanh thuc, dat
hiéu qua;

> Yéu t6 hé tro cia Nha nuwéc la cuc ky quan
trong. Nha nwéc tao didu kién vé cac méat nhw:
chinh sach vé quan ly, bao v& méi trwdng; chinh
sach hd tro vé vén, thué cac loai,... dé& céac
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doanh - nghiép lAn dau wng dung céng nghg
clorua c6 thé ding virng, tru lai véi thi tredng va
phat huy hiéu qua.O
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