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Tai liéu trong Thu vién dién tuw DH Khoa hoc Tw nhién co thé duwoc sir dung cho muc dich
hoc tdp va nghién ciru cd nhan. Nghiém cam moi hinh thirc sao chép, in an phuc vu cdc

muc dich khac néu khong dwoc sw chap thuan cua nha xuat ban va tdc gia.

Muc luc
Chuwong 2 PHUONG PHAP GOM TRUYEN THONG .....uuieerererrreenesesesesesesesssssssesesenes 2
2.1 SO A0 tONG GUAL ..ottt 2
2.2 Vaividu téng’h(;p gbém theo phuong phap truyén théng bang cach thuc hién phan tng
GITTA CAC PR TAN 1ottt e e e e e e et e e e e e e e e s e naabaeeeeaeeeeannnnees 2
2.2.1 Tong hop gdm sunfua SAmMari SMS ........coveueueueueeeeeeeeeeeeeeeeeeeeeeee e, 3
2.2.2 Tong hop titanat A4t BIEIM ............o.ovioeeeeeeeeeeeeee e, 3
2.2.3  Tong hop gdém perrite Mn0,5Ni0,1Zn0,4 AIXFE2—XO4 ......c.cvoveeeeeeeeeeeeeeeeeeeans 4
2.2.4 Téng hop gbm siéu dan nhiét do cao YBa2Cu307—x theo phuong phap gdm
180003 1 IR 110 ) 1 LSRR 4
2.3 Tong hop gdm bang phan Gmg trao ddi gitta cac mudi hodc gitta mudi véi oxit............. 5

2.4  Phuong phap tong hop & nhiét d6 cao tu lan truyén (goi tit 1a phuong phap SHS) (Self-
propagating High-temperature SYRIRESIS) ..........cocvueeeeueiinieiiniiiiniieeeiiee et 6



Chuong 2
PHUONG PHAP GOM TRUYEN THONG

2.1 So dd tong quat

C6 thé mo ta phuong phap gém truyén thong theo dang so d6 khdi dudi day:
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Phuwong phap gom truyén thdng dé san xuat vat liéu gém

Trong so dd trén cong doan (1) c6 nhiém wvu tinh toan thanh phan cua nguyén li¢u ban dau
(di tir oxit, hidroxit, hodc cac mu6i vo co) sao cho dat ty 1& hop thic cua san pham mong mudn.
Cong doan (2) c6 nhiém vu nghién min nguyén li¢u dé tang dién tich tiép xtic giita cac chat phan
tmg va khuéch tan dong déu cac chat trong hon hop. Néu luong phdi liéu chi dudi 20 gam c6 thé
nghién min trong c6i md ndo. Vi rang cbi chay bang ma ndo cb do clmg cao, dac bit la phing,
nén trong qua trinh nghién khong dua tap chat vao va ciing khong dé dinh ph01 liéu lai trong khe
ranh cta coi lam sai 1éch ty 18 cac chat trong phan tng. Khi nghién c6 thé dua vao mot luong it
dung méi cho d& nghién. Chon loai dung méi nao dé trong qua trinh nghién de thoat ra khoi ph01
lidu (c6 thé dung ruou etylic, axeton...). Cong doan (3) nhim ting mirc do tiép xtc gitra cac chat
phan tng. Kich thuéc va d6 day cua vién mau tuy thudc vao khudn va mire do dan nhiét cua phdi
liéu. Ap luc nén tuy theo dleu kién thiét bi c6 thé dat toi vai tAn/ecm’®. Thuc ra ngay ca khi dung
thiét bi nén toi hang tram tan thi trong vién phéi liéu ciing c¢6 chira khoang 20% thé tich la 16 X0p
va mao quan. Diéu d6 cho thay be mat tiép xtc con xa moi dat t61 dién tich bé mit tong cong. Dé
thu duoc miu phdi liéu c6 d6 xbp thip d6i luc can phai sir dung phuong phép nén néng (vira nén
vira gia nhiét). Viéc tac dong dong thoi ca nhiét do 4p suat doi hoi phai co thoi gian dé thu dugc
mAau phéi liéu co6 do chic dic cao. Cong doan (4) la thuc hién phan ng gitra cac pha ran day la
cong doan quan trong nhit. Vi rang phan tng gitra cac pha ran khong thé thuc hién dugc hoan
toan, nghia la trong san pham van con c6 mit chat ban dau chua phan ing hét nén thuong phai
tién hanh nghién tron lai rdi ép vién, nung lai 1an tht hai. D6i lac phai tién hanh nung vai lan nhu
vay. Khi nao ghi phd XRD cho biét trong san phim da hét chat ban dau méi xem nhu két thac
phan Ung.

Dudéi day ta khao sat vai vi du.

2.2 Vai vi du tong hop gém theo phuwong phap truyén thong bang cach thue
hién phan @ng giira cac pha ran



2.2.1 Tong hop gdém sunfua samari SmS

Tinh chit ddc biét cia gdm ndy do trang thai oxi hoa thip (2+) clia samari. Theo phuong
phap gdm truyén théng, nguoi ta tron bot kim loai Sm véi bot luu huynh rdi dun néng téi 1000°C
trong 6ng thach anh di duoc hat chan khong. Ngoai dng bang thach anh ra ngudi ta con sir dung
6ng bang corun a-AlLOs hodc mot loai vat liéu khac bén & nhiét do cao, tro vé hoa hoc véi hoi S,
Sm. Sau khi phan tng da két thiic, can phai tién hanh dong thé hod san pham bang cach dua 1én
nhiét d6 2300 K. Pé tién hanh dong thé hoa san phim & nhiét do cao c6 thé thuc hién bing cach
dun néng khac nhau nhu dung soi dot bang tantan, dt bang hd quang dién, bang tia laze.

2.2.2 Tong hop titanat dit hiém

Ttr hinh 10 cho thay La,O3 va TiO; c6 thé tao thanh ba hop chat 1a:

La,TiOs nong chay twong hop & 1700°C két tinh theo hé truc thoi: a = 10,97 A; b= 11,37 A;
c=3,937A.

La,Ti,O; ndng chay twong hop & 1790°C két tinh theo hé don ta: a=7,80 A; b=15,54 A; c =
13,01 A; B = 98°37".

LasTisO;; ndng chay khong tuong hop ¢ 1455°C.
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bé tong hop gbm titanat lantan nguoi ta tron hdn hop hai oxit theo ti 1¢ mong mudn, sau khi
ddng nhat phdi liéu thi tién hanh ép vién dudi ap luc cao rdi dit vao thuyén platin dé nung trong
khong khi hoac chan khong.



Vi dy tong hop titanat dat hiém c6 cong thirc Ln,Ti,O5 thi chuan bi hdn hop chira hai mol
TiO; v6i 1 mol Ln; O3, tién hanh nung trong khong khi ¢ 1 100°C va luu nhiét 4 gi¢. Bang phuong
phélp do da tf)l’lg hO’p du’(_)’C LazTi207, ngTizO7, Sl’l’lQTi207, GdQTi207, DYQTi207, Y2Ti207.

D¢ tong hop LnTiOs thi phai chudn bi hon hop dong phan tir gam cta Ln,O3 va Ti,Os, sau
khi nghién tron xong, tién hanh ép vién roi dat vao ong thach anh dé hut chan khong va nung ¢
1200°C, lwu nhiét 18 gio.

2.2.3 Tong hop gdém perrite Mn0,5Ni0,1Zn0,4AlxFe2—x04

Nham cai thién tir tinh ciia gém ferrit Mn-Ni-Zn, A.A. Sattar va nhiéu tac gia khac da sir
dung phuong phap gém truyén thdng dé thay thé mot phan ion Fe’" bing ion A" khong co tir
tinh [9]. Chuan bi hdn hop tir cac oxit nguyén chat (99, 99%) NiO, ZnO, ALOs, Fe;O5 voi
MnCOj; theo ding ty 1€ hop phan Nghién phdi lidu that min, nén thanh vién roi nung & 900°C
trong 15 gio. Sau d6 lai nghién min va nén thanh vién dudi ap suat 3.8. 10%pa. Tién hanh nung ¢
1300°C trong 4 gid. Lam lanh chdm chap trong khi quyén nito véi toc d6 1°C/phit cho dén nhiét
do phong.

2.2.4 Tong hop gém siéu din nhiét d9 cao YBa2Cu307—x theo phwong phap gém
truyén thong

Hinh dudi dy cho thay trong trong hé bac ba CuO-BaO-Y,0; tao thanh nhléu hop chét rong
d6 hop chét ¢ ty lé nguyén tr Y : Ba: Cu=1:2:3 la quan trong nhit. Vi rang tinh siéu dan
phu thudc rat nhiéu vao trang thai oxi hoa ctia dong. Do d6, diéu kién khi quyén khi nung déng
mdt vai tro dac bi€t quan trong.

Dé tong hop pha gém 1 : 2 : 3 thi chuan bi nguyén liéu ban déu gdm oxit ddng, oxit ytri,
cacbonat bari theo dtng hop thtrc, tién hanh dong nhat nguyén liéu bang cach xay tron that ki sau
d6 ép vién roi nung trong khi quyén oxi. Dé thu dugc san phim don pha thi phai tién hanh giai
doan nay vai ba 1an. Sau khi da thu dwoc san phim don pha dudi dang bot méi tién hanh tao hinh
bang cach ép dudi ap luc cao va két khéi.
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Y?2BaOg
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Hinh 11.
Mat cat dang nhiét (950°C) & diéu kién dang ap (Po, =
0,21 atm) cla gian dd trang thai hé Y,03-Cu0-BaO [4]



C6 nhidu nha nghién ctu tién hanh tong hop gdm bang cich dong phan huy nhiét mudi
nitrat cua cac kim loai. Thong thuong, khi phan huy nhiét nitrat s€ tao thanh cac oxit ¢ trang
thai hoat dong d& phan tng. Can luu ¥ gom tong hop theo phuong phap nay thuong chira kim
loai & murc oxi hoa cao [10]. Vi du khi tién hanh dong phan huy nitrat magie va nitrat nhom co
thé tong hop spinen MgAlOs.

2.3 Tong hop gom bang phan &ng trao doi giira cac muoi hoac gitra muoi véi
oxit

C6 thé tong hop gdm bang phan tng trao doi giita cac mudi. Vi du ¢ thé tong hop mubi
ferrit bang phan tng trao doi sau:

MC12 + NazF6204 —> MF€204 + 2NacCl
(M 1a kim loai hoa tri 2)

Nhiét d6 cua phan ing chi khoang 500°C. Sau khi phan mg xong tién hanh rira san pham dé
tach loai NaCl. Bang phuong nay Wickham da tién hanh tong hop dugc Fe;O4, FerCryOs,
FeTi03, F€A1204.

t°C
oC
1900 L 1900
1830
1830
1800 1
1750 1790
1700 1
1700 BaA112019
1600 1660 BalAL,O,
[ BajALOg AlO,
BaO 20 40 = 60 80 AlpO3
% khoi lugng
Hinh 12.
Gian do trang thai hé BaO-Al,O3

Mshetlop Petrosan, Brixner di tién hanh tong hop gdm oxit chira hai kim loai bang phan
{ng trao doi gitta mudi va oxit. Hé oxit bari va oxit nhom tao thanh 3 hop chat (hinh 12), trong
d6 BaAl,Oy4 vira c6 nhiét d6 nong chay cao (1830°C) vira c¢6 tinh chit két dinh cao nén dong vai
trd quan trong trong bé téng chiu nhiét. Mshetlop - Petrosan da tong hop BaAl,O4 bang cach
nung hon hop BaSO, véi ALOs:

BaSO, + ALO; —» BaAlLO4 + SO, + %Oz



Brixner di tién hanh tong hop nhiéu loai gdm oxit bang cach thuc hién phan (mg giita mudi
clorua véi oxit. Vi du tong hop gom BaFe ,0;9 theo phan ing:

BaCl, + 6Fe,O3 + H,O — BaFe 2019 + 2HC1

Trong phan tng nay BaCl, vira dong vai tro chat chay giup cho phan tng giita cac pha rin
xay ra dé dang vira 1a chit tham gia phan tng. Theo Bichowski va Rossini thi & 1300 K BaCl, bi

thuy phan BaCl, + H,O — BaO + 2HCI. Oxit bari vira tao thanh phan trng v6i Fe,0s:
BaO + 6Fe,O; — BaFe ;049

Bang 5 cho thiy phuong phap Brixner khi sir dung BaCl, va CaCl, c6 thé tong hop duoc
nhi€u gom oxit khac nhau.

Bang 5.
San pham phan (ng khi cho oxit tac dung véi BaCl, va CaCly[11,12]
Mudi Oxit San pham
Fe,Os BaFe12019 nhitng vay sat tir mau trong subt
WO3 BaWOy tinh thé hinh kim nhd
BaCl SiO; BaSi»Os nhirtng ban méng hinh kim
PbO BaPbOs tinh thé mau ndu
TiO, BaTisO- tinh thé mdng trong subt
Fe;O3 CaFeQ4 dang sgi mau dé trong subt
CaCl, Al,O3 Ca3Al1900+s nhirng ban luc giac trong
Cry03 CaCrO4 dang nhanh cay
SiO; CazSiO4 nhitng ban méng hinh kim

Lo nung dé téng hop gbm c6 thé st dung céc loai 10 dién, 10 gas va dic biét gan dy c6 nhiéu
tac gia sir dung 1o vi song. Khac voi cac loai lo dién, lo gas dbt nong toan bd khong gian 10, 10 vi
song co tac dung tang tan s6 dao dong cua phan tu, ion chat tham gia phan tng nén chi truc tiép
1am néng chit tham gia phan Gng. Piéu nay vira c6 thé dua nhiét d6 1én cao hon vira tiét kiém
nang luong [13].

2.4 Phwong phap tong hop & nhiét d cao tw lan truyén (goi tit 1a phwong
phap SHS) (Self-propagating High-temperature Synthesis)

Thyc chat cua phuong phap nay la lgi dung luong nhiét to 16n toa ra khi oxi hoa bot kim loai
dé tién hanh tong hop gdm oxit. Bang dudi ddy cho biét sinh nhiét cia mot sb oxit.

Bang 6.

Sinh nhiét cia mot sb oxit

OXlt ’Y-A1203 Q,-A1203 MgO ZnO FeZO3 Fe304
—AH 1653 1675 601 350 822 1117
(kJ/mol)

O 298°C phan g tao thanh 40 gam (1 mol) MgO tir 24 gam bot Mg va 16 gam khi oxi toa
ra mdt luong nhi¢t 1a 601 kJ, phan ting tao thanh 102 gam oxit nhom (1 mol) tir 54 gam bot nhdm
va 48 gam oxi toa ra mot luong nhiét la 1675 kJ. Loi dung luong nhiét do dé thyuc hién phan tng
tong hop gom Vi dy dé tong hop spinen CoAl,Oy ta c6 thé chuan bi hdn hop gom oxit coban
hodc muoi coban vo61 bot nhom kim loai. Sau khi nghién tron ky dé khuéch tan cac chat phan tng
that tdt, nén hdn hop bot thanh thoi dudi ap luc thich hop réi nung so bd ¢ nhiét do thap (dudi



900°C), tién hanh thyc hién phan g theo phuong phap SHS. Do phan ting oxi hoa bot nhom lan
truyén nhanh chong tir ngoai vao trong thoi lam cho nhiét do cua thoi mau ting 1én rat cao véi
mot tdc do nhanh chong, co khi chi trong vai gidy da dat duge 1500°C, sau d6 théi mau ciing
ngudi lanh v6i mot toc do rat nhanh (10°+10° do/giay).

Phuong phap SHS bit dau dugc A.G. Merzhanov (Lién X6 cii) nghién ctru tir 1962, nhung
mai dén nam 1985 mdi duoc ap dung d€ san xuat chat mau vo co & Almaty, Kazakhstan va nhi€u
nudc thuge Lién X6 cii [14].

Phuong phap SHS c6 nhiéu uu diém hon phuong phap gdm truyén théng dé 1a:

o Tiét kiém ning luong: cac phuong phap khac doi hoi phai nung toan bo khong gian 10 dén
nhiét d6 cao (tir 1300+1600°C), lvu mau lau & nhiét 46 cao d6, va doi khi phai nghién va nung lai
mdt vai lan cho thu duoc san phim dong nhat. Phuong phap SHS chi cin nung so bd ¢ nhiét do
thip (900°C) c6 tinh chat khoi mao cho phan tng, sau d6 thuc hién qua trinh SHS. Nhiét oxi hod
bot kim loai toa ra tir bén trong miu va lan truyén rat nhanh lam cho chi vai gidy 1a nhiét 46 miu
dat trén 1500°C.

o Ning sut ctia qua trinh san xuat cao va khong doi hoi mit bang san xuét 16n. Vi phan ung
tong hop theo phuong phap SHS chi xay ra mdt thoi gian rat ngan (vai phat) va nhiét toa ra tur
bén trong mau khong doi hoi phai thiét ké 10 phuc tap.

e Phuong phap SHS rét it chat thai do d6 khong anh hudng dén moi trudng sinh thai.

e Phuong phap SHS c6 thé sir dung dé tong hop chit mau tir cac ngudn ba thai cua cong
nghiép. Vi du tir cac ba thai & cac xi nghiép san xuit ¢ st dung quing boxit, pyrit, cromit, da
hoa, xi nghiép san xuét Pb, Al, Cr... , chi cAn dua thém bot nhom hodc bot magie kim loai 1a co
thé thuc hién phan tng SHS dé tong hop cac chit mau trén co sé mang ludi spinen, mulit hodc
cordierit...

Vi rang phuong phap tién hanh dun néng va lam ngudi mau voi toc do rat 16n nén chac rang
cau trac tinh thé cua san pham khoé long hoan chinh.



