L

;)" |

Chirong 1. Phan vng giira cac pha rian
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Phan Van Tuong

Cdc phwong phdp tong hop vit liéu gom.
NXB Pai hoc qubc gia Ha Ngi 2007.
Tr 8 —20.

Tir khod: Tao mam, tinh thé san pham, phan {m giita cic pha rén, phan hity nhiét noi

phan tr, nhiét dong hoc.

Tai liéu trong Thu vién dién tuw DH Khoa hoc Tw nhién co thé duoc 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.
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Chuong 1

PHAN UNG GIUA CAC PHA RAN

1.1 Co ché phén wng giira cac pha rin

Phan tng gitra cc chat khi, giita cac chat tan trong dung dich do céc chat phan tng rat linh
dong va khuéch tan & mic d§ phan twr, ion ¢ trong toan thé tich cua hé phan ing nén xay ra véi
toc do rat nhanh dé h¢ dat toi trang thai can bang.

Phan (ing giita cic pha ran hoan toan khac, d6 1a chat tham gia phan ng déu nam dinh vi tai

cac nat mang tinh thé cua chat ban dau. Phan tng chi xay ra tai bé mit tiép xuc giira hai pha rin
ctia chat tham gia. Vi du xét phan mg tong hop spinen MgAlLOy giira hai oxit:

MgO + O(,-A1203 —> MgA1204 (1)

Tinh thé spinen MgA1,O4 ciing nhu tinh thé MgO déu thudc hé 1ap phuong gdm phan mang
anion O”~ goi gém chéc dic theo kiéu lap phuong tdm mit. Trong khi d6 tinh thé a-AlL,O; gdm
phan mang anion O*~ gbi ghém chic dic luc phuong. Cation AI’" trong mang tinh thé a-ALO;
cling nhu trong mang tinh thé MgAl,O,4 déu c6 sb phdi tri 6, nghia 13 ndm trong hdc bat dién cua
6 anion O”", con cation Mg*" ¢6 sb phdi tri 6 trong mang tinh thé MgO nhung c6 sb phdi tri 4
trong mang tinh thé san pham spinen MgALOy.

Nhu vay, tai bién gi6i gitta mt tiép xtac khi xay ra phan Gng thi cation Mg®" s& chuyén tir s6
phéi tri 6 sang sb phdi tri 4 va phan mang anion O* cua tinh thé a-Al,O; ¢6 sy chuyén dich tir
ki€u goi ghém chac dac luc phuong sang phan mang 1ap phuong tadm mat.

Bang 2 cho biét gia tri cac ham nhiét dong cta cac chit trong phan tng (1).

Z?éntgrj 2e.ntanpi, thé ddng ap, entropi & didu kién tiéu chuén cla cac chat trong phan tng (1) [32]
Chat AH (kJ/mol) A G (kJ/mol) A'S (J/mol.K)
a-ALO; -1675,7t1,3 -1582,26 50,92£ 0,008
v-ALO;3 -1653,5+ 12 -1562,7 59,8+£6,3
MgO -601,7£0.4 -569,4% 0,4 26,94




MgALO;4 -2313%2,1 -2188,2%2,1 80,63+ 0,42

Tir d6 tinh dwgc AGagg clia phan tng (1) ¢ nhiét do 298K bang —36,5 kJ/mol, nghia 1a vé
dleu kién nhiét dong hoc phan tng do6 co thé tu dién bién ngay ¢ nhiét 46 phong. Nhung vé yéu
t6 dong hoc thi phan tmg d6 xdy ra voi tbc do cuc ky cham, tham chi ngay khi nghlen chét phan
ung that min, nén dudi ap sudt cao, rdi nung dén 1000°C tdc do phan tng van rat bé. Chi khi
nung 1én trén 1200°C méi c6 thé bat dau tao thanh mot 16p san pham rat mong ¢ bién gioi tiép
xuc giita hai pha. Sy hinh thanh 16p san pham nhu vay goi 14 qua trinh tao mam.

1.1.1 Qua trinh tao mam

Qua trinh nay doi hoi phai lam dit mot s6 lién két cii trong cac chat phan tng, hinh thanh
mot sé lién két mdi trong san pham. Piéu nay chi ¢ thé xay ra khi 6 su phan b lai cac ion &
chd tiép xtc. Vi rang phan mang amon cia san pham MgA1204 gidng phan mang anion cua
MgO, do d6 sy hinh thanh tinh thé mam san pham thuan loi hon vé phia mit tinh thé MgO Cac
jon O cla mat tlep xuc trong a-Al,O3 phai sap xep lai mét it, mat khac co su dich chuyen cation
Mg2+ tir vi tri bat dién sang vi tri t& dién con cation A" vao vi tri m6i trong mim tinh thé san
pham.

Su phé dut lién két cii, hinh thanh lién két mai, cling nhu sy dich chuyén céac cation chi cé
theé xdy ra ¢ nhiét do cao, vi luc do cac cation mdi du nang luwgng dé dich chuyén.

V1 tri bién gi01 MgO Al,O,4
xudt phat

L6p san pham

MgALO,x i

Al O,
%Q/ : 'Al3+
e

Hinh 1.
So d6 phan &ng gitra MgO va Al,O3 theo co’ ché khuéch tan
nguoc dong cation

O déy can phan biét hai kiéu phan Gmg goi 1a phan tng epitaxit va phan Gmg topotaxit.

Ca hai kiéu phan © Ung nay déu doi hoi phai c6 sy gibng nhau vé cdu tric tinh thé ctia pha san
pham va ciu trac tinh the ctia chat tham gia phan tng. Truong hop kiéu phan tng epitaxit thi chi
¢6 sy gibng nhau vé ciu trac & 16p bé mit tlep xuc cua chat phan tng va cua san pham, di xa bé
mat d6 sau vao bén trong tinh the thi tinh dong nhat vé ciu tric khong con nira. Con phan tng
topotaxit thi sy gibng nhau vé cu triic khong phai chi trén 16p bé mat ma di sdu vao bén trong



van dam bao tinh dong nhat d6. Vi duy, khi phat trién tinh thé 16p san phim MgALO, thi phin
mang 0> khong phai chi gibng nhau ¢ bé mit tiép xtc gitra hai pha MgO/MgAl,O, ma hau nhu
bao dam dong nhat trong toan khoi.

Phan tng epitaxit va phan g topotaxit dé tao mam san pham hon so véi truong hop phan
(g giita hai pha rin ma cau tric tinh thé ctia san pham va céu tric tinh thé ciia cac chat tham gia
hoan toan khac nhau.

Pé xay ra su dinh huéng tao mam san pham khong phai chi can thiét c6 su gibng nhau vé
motip cdu trac ¢ 16p bién gidi, ma kich thudc té bao mang cling nhu khoang cach giita cac
nguyén tir phai gan giéng nhau. Néu hai pha c6 khoang cach gitra cac nguyén tu rat khac nhau (vi
du nhu MgO va BaO) thi mac dau ching c6 cung kiéu ciu truc, hai pha ciing khong c6 thé gan
lién v&i nhau trén mot dién tlch tiép xuc 1on. Két qua nghién ciru cho thiy dé xay ra sy tao mam
dinh hudng thi sy khac nhau vé thong s6 mang ludi trén bé mat tiép xtc giita hai pha nén va pha
mam phai bé hon 15%.

CAu trac bé mit cua tinh the chat phan tng ciing anh huong 16n dén toc d6 tao mam san
pham Tuy theo qua trinh phat trién tinh thé ma c6 nhitng céu trac bé mit khac nhau. Vi dy tinh
thé MgO c¢6 mang lu6i kiéu NaCl, tuy diéu kién két tinh ma c6 thé thu dugc tinh thé hoan chinh
chi gdm c6 mit 100 (hinh 2a) hodc gdm ca mat 100 va mat 111 (hinh 2b), hodc chi gdm mat 111

(hinh 2c¢).
Mit 111
Mit 100
a) b ©)
Hinh 2.

Tinh thé di x(rng lap phwong, cé hinh 1ap phuwong (a), bat dién cut (b) va bat dién (c)

Su phan bd nguyén tir trén cac mit d6 khac nhau, nghia 1a cdu triic bé mit clia cing mot tinh
thé khac nhau trén cac mat phing khac nhau. Cac mit 100 gdm 16p ion ludn phién Mg*", O*". Cac
mat 111 thi cir mOt mat toan ion Mg2+ lai @&n mdt mit toan ion 0 (hinh 3). Nhirng diéu nay noi 1én
rang kha ning hinh thanh mam tinh thé trén cic mit khac nhau rat khac nhau.

Mg Mg 0 0

Mg O Mg O Mg

M M M 0 0]
O Mg O Mg O g g £ © 5
Mg O Mg O Mg Me Mg O
O Mg OMg O Mg Mg Mg (0] (0] o
Mg O Mg O Mg Mg Mg o o M3t 100

Mat 111

Hinh 3.
CAu tric bé mat cla tinh thé MgO



1.1.2 Qua trinh phat trién ctia tinh thé san pham

Sau khi d3 c6 mot 16p mam tinh thé san pham thi dén giai doan phat trién 10’p tinh thé d6. Bé
thyc hién qua trinh nay s& c6 su khuéch tan ngugce chiéu cac cation. Cation Mg®*" khuéch tan tir bé
mat tiép xac MgO/MgALO, qua 16p san pham dé di sang mit tiép xac MgAl,04/ALOs. Con
cation AI’" thi khuéch tan theo chiéu nguoc lai.

Dé bao dam tinh trung hoa vé dién, cr 2 cation AI’" khuéch tan sang trai thi phai c6 3 cation
Mg*" khuéch tan sang phai. Va phuong trinh phan tmg xay ra nhu sau:

Trén mat bién gidi MgO/MgAL,O4:
2AP" - 3Mg™ + 4MgO — MgALLO,
Trén mat bién gidi ALO3;/MgALOq:
3Mg”" - 2AP" + 4A1,0; — 3MgALO,
Phan tng tong cong:
4MgO + 4A1,0; — 4MgALO4

Chiing ta dé& dang thay rang san pham phat trién vé phia phai nhanh gap 3 lan vé phia trai.
Diéu nay c6 thé quan sat duge néu theo sy thay d6i mau sic & 16p bién gidi khi nghién ciru cac
phan tng sau:

MgO + Fe,O; — MgF€204
hoac
NiO + ALLO; — NiALO4

Dbi véi phan tng hinh thanh ferrit magie, ket qua thuc nghiém quan sat duoc l6p san pham
ferrit phat trién vé phia tiép xuc véi Fe,03 day gip 2,7 lan so voi phia tiép xac véi MgO, nghia 1a
gan véi gia trj 1y thuyét.

Co ché phan tng giita cac pha rin theo kiéu khuéch tan nguoc dong cac cation nhu viy goi
la co che C. Wagner.

Co ché C. Wagner c6 thé ap dung dé giai thich cho rat nhiéu phan Gmg xay ra giita cac pha
ran trong hé bac hai. Vi du xét phan ung gitta MgO va metasilicat magie (clinoenstatit) tao thanh
octosilicat magie (photsterit).

MgO + MgSiO; —» Mg,SiOq4
clinoenstatit photsterit
Tai bién gioi MgO/ Mg,Si05:
4MgO —2Mg*" + Si*" - Mg,SiO,
Tai bién gid1 MgSi03/Mg,Si04:
4MgSiO; — Si'" + 2Mg*" — 3Mg,Si0,

Phan Ging tong cong:



4MgO + 4MgSiO; — 4Mg,Si104

O truong hop niy c¢6 su khuéch tan nguoc dong cia cation Si'* va cation Mg®" qua 16p san
phém phosterit. S6 phéi tri cua Si*" trude va sau phan ng déu 13 4 (nAm trong tor dién Si0,"),
Mg*" trude va sau phan g déu c6 sb phdi tri 6. Trong phan Gmg nay c6 sy thay d6i cau trac cia
phan mang anion O*". Trong MgO phan mang O*” 14 lap phwong tdm mit, trong MgSiO; thudc
kiéu silicat mach (nhém pyrocen), con trong Mg>SiO4 thi phdn mang O theo cu triic goi ghém
luc phuong tao thanh tur cac tir di€n doc lap Si04*.

Chung ta da biét rang sy khuéch tan cac cation trong mang tinh thé chat ran phu thudc rat
nhiéu vao dién tich cta nd. Vi nhitng cation dién tich 16n thi sy dich chuyén trong mang ludi
tinh thé rat han ché. Ban kinh cua cation cling anh huéng manh dén toc do khuéch tan. Trong
cac hé phan ng ching ta vira xét thi ¢6 sy bu trir gitra hai yéu t6 d6. Cation c6 dién tich bé
Mg”" lai ¢6 ban kinh 16n (0,74 A), con cation c¢6 dién tich 16n Si** ¢6 ban kinh bé nhét (0,39 A).

Dung co ché C. Wagner c6 thé giai thich phan tng gitta ALO; va SiO, tao thanh mulit
(3A12032$102 hay c6 thé viét AlﬁSizO]})
3A1,05 +2Si0; —» AlgS1,013

Sau khi tao thanh 16p mam tinh thé sin pham mulit thi c6 sy khuéch tan ngugce dong cation
tr ALO;3 qua 16p san phim dé tao thanh mulit bén bién gi¢i mulit/SiO,, con cation Si** thi
khuéch tan theo chiéu nguoc lai tir SiO, sang AL O3 bang cach qua 16p san pham mulit. Dé dam
bao tinh trung hoa dién qua trinh khuéch tan xay ra theo cac phuong trinh sau:

AP

Trén bién giéi ALO; va 16p san phim mulit:
19,5A1,0; — 12AP" + 9Si*" — 4,5A1S1,03
Trén bién gidi Si0, va mulit:
13Si0; + 12AF" — 9Si*" — 2A16S1,013
Phan tng tong cong:
19,5A1,05 + 13Si0; — 6,5A15S14013

Nghia la san pham phat trlen vé phia ALO; nhanh hon gap 2 1an vé phia SiO,. Vi rang 16p
san pham ngay cang day, nén tdc do phan Gng cang vé sau cang cham lai.

Két qua nghién ctiru dong hoc cta phan tng tao thanh NiALOy cho thiy giai doan quyét dinh
toc do phan trng la qua trinh khuéch tan nguoc dong cac cation qua lop san pham spinen. Phuong
trinh khuéch tan qua 16p san phdm nhu vay duoc biéu dién dudi dang ham parabol:

dy k

Ezg (1)
hoac

y=k.t"? )

y 14 bé day 16p ciia san pham, t 13 thoi gian, k 13 hing sb phu thudc vao tinh chat cta chat
phan tng va diéu kién thuc nghiém.



Nghién ctru dong hoc cua phan tng gitra hai pha ran dudi dang bot va gia thiét chat phan g
c6 dang khoi cau.

Khi 16p sén‘phém dé bao quanh chat phan tng thi tiép dién 1a sy khuéch tan chat phan tng tir
bén trong qua bé day san pham (hinh 4), W. Jander da dua ra hé thirc twong ty nhu phuong trinh
(D).

Lop
san phdm

Hinh 4.
Qua trinh 16N dan I1&p san pham

dy C
- Py 3)
t oy
D 1a h¢ s6 khuéch tan ¢ nhiét do khao sat, C la nong do chat khuéch tan & 16p bién gi6i 16p
chat d6 va 16p san pham. Lay tich phan phuong trinh (3) ta cé:

y> =2DCt = 2Kt (4) (thay D.C =K).

Vi rang kho xéac dinh bé day 16p san pham nén Jander di dé nghi thay thé bé day y bang %
khdi lugng chit tham gia phan tng. Gia thiét ty trong cua chit tham gia phan ung va san pham
bang nhau thi thé tich riéng ctia chung ciing bang nhau, nhu vy nong do thé tich c6 thé xem nhu
% vé khdi lugng. Goi ban kinh trung binh cta hat chat phan mg 1a r, thé tich cta hat 1a V. Thé
tich ctia phan hat con lai chua tham gia phan tng 13 V, ta c6:

4

4 3
Vl—gnr Vz——n(r—y)

(r —y) la ban kinh cta hat con lai bén trong chua tham gia phan tng.

Néu ki hiéu lugng % ctia chat da tham gia phan tng 14 x (vé thé tich) thi:

VvV, -V.
X% = — : 2 %100 (5)
ﬂ1tr3 ﬂTt(r—y)3
x% = x100
S

sau khi bién doi ta co:



13 100 —-x
y=r 100 ©)

i 100—x )

y'e | I3 | =2k 7
2

21( 1_3100—X

= =1V 100 ®)

r
t

hoac

i , 7 *"
V61 hon hop ¢6 mire d6 nghién khong doi ta ki hiéu P K

2
- 3/IOO—X
ta co: K= 100 9)

t

Khi lwu y dén sy thay d6i ndng d6 chat phan tGng, Jurapleb da 1am chinh xac thém cho cong

thire Jander:
dy 100 -x
=2 -K'D

dt ( y j (10)

y 1a d6 day 16p san pham sau khi nung nong trong thoi gian t,
D 13 hé s6 khuéch tan, x 1a mtic d6 bién hoa ctia phan ung (%),
K’ 14 hang s6 toc d6 phan tmg.

Lay tich phan phuong trinh 10 ta duoc:

2
[100-x
K= 100 (11)

200t

K'D
& day: K==

~ Theo Butnhicop va Ginstling ¢6 thé biéu dién sy phu thudc téc do phan (g vao diéu kién
tién hanh phan irng bang nhiéu phuong trinh khac nhau [33].

Vi du hang s6 toc do ctia qua trinh bi gidi han boi sy khuéch tan chat phan mg qua 16p san
pham dugc bicu dién theo hé thuc:



22
(_1-(1-6) 3G )

t

G 1a mirc do bién hoa cua chét bao phu, t 1a thoi gian.

_ Theo Butnhicop va Ginstling thi phwong trinh Jander chi ding & mirc do bién hoa nho cua
chat bao phu.

Téc d6 cua qué trinh bi gidi han boi toc d6 phan tmg hoa hoc gitra cac chat phan g lay
dang theo ty 1¢ hop thirc duoc dac trung bang hang so
2
(1I-G) 3 -1
t

K= (13)

Khi thay d6i nhiét do, kich thudc hat cua chat phan ng, ty 1¢ hop thuc gilta cac chat phan
ung, s€ lam thay doi quy luat dong hoc, do d6 thay doi cac bicu thirc toan hoc mo ta toc do phan
ung.

Su phu thudc giita hang sd toc do phan Gng vao nhiét do tuyét ddi dugc biéu dién bang

phuong trinh:
2
_a R 3 100 — x
K= cot-Kt=|1-{0 (14)

Sau khi 1dy tich phan ta duoc:

a
lgK =1gC—
gK=1gC——— (15)

C va a la cac hang so.

Theo phuong trinh (9), bang thuc nghiém xac dinh 2 gia tri cua K’ roi dat vao phuong trinh
(14) ta thu duoc hé hai phuong trinh voi 2 an s6. Tu d6 tinh dugc C va a.

Nghién ,c1'1'u phan Ung tao thanh NiAle4 gilra cac vién da tinh thé NiO va ALOs nén lai voi
nhau cho thay giai doan quyét dinh toc d6 phan img la qua trinh khuéch tan ngugc dong cua cac
cation qua 16p san pham spinen.

q Hinh 5 cho théy két qua thyc nghiém vé dd thi su phu thudc gitra y2 vao t 1a mot duong
thang kha phu hop vdi phuong trinh (2). Hinh 5 cho thay phan ting dugc thuc nhanh khi tang
nhiét do.
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2 3
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20 4 1500°C
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1400°C

101

5]

1300°C
100 200 thoi gian (gio)

Hinh 5.
Sy phu thudc bé day clia I&p NiAlO4 (y) vao thdi gian
Két qua nghién ctru thuc nghiém cho thay mic du giit & nhiét do cao trong mot thoi gian lau,
cac phan Ung giita cic pha ran déu khong tién hanh dén cung, do dé trong san pham thu dugc
khong phai chi c6 mot pha san phim ma van con c6 mit chat tham gia phan ing ban dau (dé biét
diéu nay thi don gian nhat 1 ghi phé XRD cta mau bdt san pham). Vi du phan Gng gitra bot CuO
va bot Fe,0s.

CuO + F6203 —> CuF€204
doi hoi phai lvu miu ¢ nhiét do phan tng t6i 24 gid ma van phat hién trong san pham con
vét Fe,Os;.

Thong thuong, dé thuc hién phan Ung hoan toan phai tién hanh ky thuét nghién tron, nung,
dé ngudi roi lai nghién tron, nung t6i vai lan. Pay 1a nhuoc diém chu yéu cia phuong phap gbm
truyén thong.

1.2 Trang thai hoat ddng ciia chat phan ng

Mot yéu t6 kha quan trong anh hudng dén viée thuc hién phan tng giita cic pha ran theo
phuong phap gdm truyén thong 13 trang thai hoat dong ctia chit tham gia phan tng. Vi du, khi
tong hop chat dién ly ran c6 cong thirc Na,0.nALO; (5,3 < n < 8,3) (thudng goi 1a B-ALO3) phai
tién hanh nung hdn hop hai pha rin Na,COs va Al,O3 dé thuc hién phan Gng:

Na,CO; + nALO3; = Na,O.nALO; + CO;, (2)

Néu oxit nhom ta ding 1a a-Al,O; dd dugc nghién that ki rdi xtr Iy hoa hoc véi dung dich
HC], thi phan mg (2) ciing chi bat dau xay ra khi nung t&i 1500°C. Con néu chét ban dau ta ding
la ¥ -ALOs thi phan tng (2) xdy ra & nhiét do thap hon nhiéu. D6 1a do khi nung néng s& xay ra
qué trinh bién hoa thi hinh y-AL,O3 <« a-Al,O;3. Tai thoi diém xay ra bién hoa d6, oxit nhom
trang thai hoat dong, dé tham gia phan g (goi la hiéu tmg J. Hedvall). D6 14 thoi diém luc mang
ludi tinh thé ciia pha cii (pha y-ALOs) dang bi pha v dé xay dung mang luéi ciia pha méi (pha
o~ A1203).
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Nhiét d6 xay ra qué trinh bién hoa tht hinh y-ALO3; <« a-Al,Os lai phu thudc vao ngudn
gbc hoa hoc ciia oxit nhom (c6 thé goi 14 tién sir hoa hoc). Néu oxit nhém diéu ché bang cach
nhiét phan hidroxit nhom thi qué trinh bién hoa thi hinh ¥ = @ x4y ra trong khoang tir 600 dén
900°C tuy thudc vao dang hidroxit va k¥ thuat nhiét phan (nhiét do phan huy, tbc d6 nang nhiét,
thoi gian lwu nhiét, ap suat hoi nude trong budng nhiét phan (goi chung 14 tién sir nhiét)). Néu
oxit nhom diéu ché bang cach phan huy phén nhém, thi dang y-Al,O; ton tai bén dén gan
1200°C, va qua trinh bién hoa ¥ =% xay ra & khoang nhiét do 1200 dén 1300°C. Phan tng tong
hgp B-ALO; chi xay ra ¢ nhiét do cao trén 1100°C, do d6 trang thai hoat dong cua oxit nhom
ma & khoang nhiét d6 qua thap (600 + 900°C) thi chwa kip thuc hién phan tng di chuyén sang
trang thai bén a-Al,Os.

Bang 3.
Tinh chét hoa ly ctia oxit sit ba v&i cac tién str hod hoc va tién st nhiét khac nhau [33]
Ty trong
o Thanh phén (%) cap hat déng
Chét ban dau N:E;SQ b tr9n93 Bé mat rizéng (gfom’)
o hat (g/cm”) (Bet) (m“/g)
(C) >40 ) <10
40~10pm
pm pm
Cacbonat 400 4,86 18,7 36,1 | 46,22 17,68 | 1,11
600 4,95 6,5 36,55 | 53,44 10,03 | 1,25
850 5,05 1,0 27,15 | 66,47 6,38 1,66
1000 5,06 0,5 29,38 | 63,45 7,17 | 2,02
400 4,69 10,0 - - - 0,39
Cacbonyl 600 5,02 9,2 - - - 0.8
850 5,12 0,9 38,3 | 37,1 24,6 | 2,08
1000 5,20 0,45 53,1 |37,84 9,06 |2,13
400 4,94 7,0 0,18 | 62,95 28,76 | 1,49
Oxalat 600 4,99 6,4 8,80 |56,20 35,0 | 1,28
850 5,15 0,9 6,00 | 69,51 24,49 | 1,28
1000 5,20 0,65 2,10 |59,80 39,0 | 1,52
400 5,04 11,1 7,72 | 28,35 66,93 | 1,87
Nitrat 600 5,07 4,1 7,73 | 51,72 40,55 | 1,92
850 5,11 0,2 6,04 | 60,51 32,45 | 2,41
1000 5,15 0,2 6,26 | 68,08 25,66 | 2,5
Sunfat 850 5,22 0,9 62,66 | 31,86 5,48 1,36
1000 5,23 0,2 62,36 | 31,70 5,94 | 1,46

Diéu nay cho thiy néu ta sir dung y-ALOs thu dugc tir phan tng phan huy phén nhom sé& thuc
hién phan tmg (2) tong hop B-ALO3 dé dang hon.

Pé thdy rd kha ning phan Gmg ctia oxit kim loai phu thudc vao tién sir hoa hoc va tién sir
nhi¢t cua oxit do, ching ta xét bot hématit Fe,Os.
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Dé didu ché bot sit oxit dang hématit ta c6 thé phan huy nhiét cac loai mudi oxiaxit sat khac
nhau nhu: nitrat, sunphat, cacbonat, oxalat hodc oxi hoa cacbonyl sit. Bang 3 cho ta thiy san
phdm hématit Fe,O3 thu dugc co tinh chat hoa 1y hoan toan khac nhau tuy thudc vao tién sir hoa
hoc va tién sir nhiét caa no.

Qua bang 3 ta thiy ngay cung mot loai bot hématit xuat phét tir cacbonat nhung tién sir
nhiét khac nhau (phan huy ¢ nhiét d6 khic nhau) ciing khac nhau vé khdi luong riéng, bé mat
riéng, sy phan bd cip hat. Thuc ra hinh thai hat (morphology) quan sat bang kinh hién vi dién
tr cling rat khac nhau. Hématit (tr nitrat) sau khi phan huy & 400°C c¢6 dang bot rat min (<
0,05 " m) va kich thuéc kha dong déu. Con hématit tir cacbonat, cacbonyl thi bot kém dong déu
(0,05 m+0,1"m) c6 xu hudng két von lai. Bot hématit thu duoc tir oxalat 1a mot hdn hop cac
hat min (< 0,1 *m) von cuc lai véi nhau.

Khi nung 1én qua 600°C thi tat ca cac loai st oxit Fe;O3 c6 tién sir hoa hoc khac nhau déu
tao thanh cac hat lon dan do sy két von cac hat nho lai. Tuy nhién qua trinh két von cac hat min
ctia bot Fe,0; o tién sir hoa hoc khac nhau la khac nhau: oxit c6 nguén gdc tir nitrat thi tao thanh
nhiing tap hop da phan tir day dac, oxit sat co nguon gbc tir ccacbonat, tir cacbonyl thi tao thanh
nhitng déy xich gom cac hat khong dong déu, oxit sit c6 ngudn gdc tir oxalat thi tao thanh nhirng
tinh thé c6 dang bat dinh hudng rd rét. Khi nung 1én trén 800°C thi cac hat oxit sat c6 ngudn gdc
tir nitrat, cacbonat, cacbonyl, oxalat déu tao thanh cac hat c6 dang dong déu kich thudc dat 1 m.

Khi phan huy nhiét tir cac hop chat khac nhau cua sat thu dugc oxit sat c6 cac dang khac
nhau, diéu nay c6 thé hiéu dugc néu ta luu ¥ dén cac phan ing xay ra trong qua trinh phan huy
nhiét cua ching.

Khi dun néng nitrat Fe(NO3)3.9H,0 trude hét xay ra qua trinh néng chay mudi trong trong
nude két tinh. Qua trinh nay kém theo su thuy phan mot phén dé tao thanh mudi bazo. Nhiét do
néng chay hidrat (47°C) trung v&i nhiét do bat dau phan huy. Qua trinh bién hoa tiép tuc c6 thé
mb ta theo so d6 sau:

Fe(NO3);.9H,0 —> néng chay va thuy phdn mot phin dé tao thanh mudi bazo
_100°C 5 khéi long —B0-240°C 5 Fe,05 (v6 dinh hinh) —2350°C 5 e,y (tinh thé).

Khi dun ndéng FeSO4.7H,0 trudc hét xay ra qua trinh mat nude két tinh ¢ 85°C. O 130°C tao
thanh monohidrat, sau d6 xay ra cac phan tng:

300°C

FeSO,. H,0 ——— FeSO,(OH) + H,0
2
500°C
Fe (SO4)3 + F6203 + H20

670 - 735°C
FeZSO3 + SOz

1.3 Phan &rng phan huy nhiét ngi phan tir (PHNNPT)

Khai niém nay chung t6i dung dé chi phan ing tong hop mdt pha ran moi xay ra khi phan
huy nhiét mot pha ran ban dau c6 chira cac hop phan can thiét cho pha ran méi. Vi du dé tong
hop pha mulit 3A1,05.2Si0, ta c6 thé thyc hién truc tiép phan (mg giira oxit nhém va oxit silic
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(goi 1& phan ting giita cac pha rin) hodc tién hanh phan huy nhiét mot hop chat ma trong dé c6
chura oxit silic va oxit nhdm nhu: caolinit Al,03.2S10,.2H,0 hodc pyrophililit Al,03.2510,.H,O
(goi la phan Gmg phan huy nhiét ndi phan tur).

Pé tong hop pha phosterit 2MgO.SiO; ta ¢6 thé thuc hién phan tng giita cac pha ran MgO va
SiO; hoac c6 thé thuc hién phan tng PHNNPT khi phan huy talc 3Mg0.4Si0,.H,O hoac phan
huy secpentin 3Mg0.2Si0,.2H,0.

Khac han v&i phan tng xay ra gitta cic pha ran, phan tng PHNNPT xay ra ¢ nhiét do thip
hon nhiéu.

Vidu dé téng hop mulit bang phan tng giita cac oxit silic va oxit nhom trong truong hop di
tur cac chat ban dau tinh khiét hoan toan khong c6 chét khoang hod, thi nhin trén gian do hé bac
hai Si0,-ALO; ta thay it nhat cling phai nung lén dén ’158‘50C (nhiét d6 bat dau xuat hién pha
long). Trong khi d6 ta nung caolinit 1én dén 1000°C da bat dau xuat hién pha mulit.

t°C

Mulit
Hinh 6.
Gian do trang thai hé Al,03-SiO-

t°C

Hinh 7.
Gian do trang thai hé MgO-SiO,

Khi nung secpentin 1én khoang 1én khoang 800°C‘1é ¢6 sy hinh thanh pha gém phosterit
Mg,Si04 (viét tat 1a M»S), trong khi d6 dua vao gidn do trang thai thi tuy theo thanh phan hon



14

hop ban dau gitra Si0; va MgO sy hinh thanh phosterit doi hoi it nhét ciing phai nung h¢ Ién trén
1 §57°C. C6 rat nhi€u vi du nhu vay cho ta thy viéc sir dung phan img PHNNPT c6 thé tién hanh
tong hop dugc pha gom & nhiét do thap, gidm dang ké ning lugng.

Phuong phap sir dung PHNNPT khong chi gitp ta tong hop gbm bac hai (chira hai oxit) ma
c6 thé str dung dé tong hop gdm bac cao hon. Vi du dé tong hop cordierit 2Mg0.2A1,05.5Si0, ta
c¢6 thé st dung phan tng phan huy nhiét mang ludi caolinit va bang mot thii thuat nhét dinh la
thém oxit magie vao.

Vé Iy thuyét chung ta thiy trong qua trinh phan huy nhiét thi cac oxit c6 trong hop chét ban
dau da dugc phan bd hoan toan co trat ty & mirc 6 nguyén tir, mit khac san pham vira méi phin
huy dang ¢ trang thai rat hoat dong do d6 phan ng hinh thanh mam tinh thé san pham c6 thé xay
ra mot cach nhanh chong. Ta c6 thé giai thich co ché phan mg tao thanh mulit khi nung cao lanh
nhu sau:

Trong mang ludi caolinit ban dau c6 sy phan bd cac cation Si*™ va A" hoan toan c6 trat tu
(hinh 8).

(a)

(b)
Hinh 8.
Mang luwéi caolinit (a) va mang lwdi metacaolinit (b)

Khi nung 1én dén trén 600°C, mdi té bao mang caolinit mat di 4 phan tir nude theo phan Gmg:
06Si404(OH),Aly(OH)s —2C 5 06Si406AL0; + 4H,0 (1)

S6 phan tir nay lay & 16p bat dién AI(OH)¢™", con 16p tir dién SiO4* vén giit nguyén, do d6
trat tu trong mang tinh thé cia metacaolinit tr¢ thanh Os... OS1406ALO;... OcS1406ALO... , &
nhiét d6 trén 800°C ¢6 su chuyén dan cac 16p sao cho mdi ion O* cuia 16p 20* di vao ving 1dm
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ctia 3 ion O*~ & 16p 6 O*” bén canh d6, nghia 1a ¢6 su co ciia mang tinh thé (két qua xac dinh khdi
lwong riéng ciia mau caolinit khi nung dén 800°C ching té diéu d6). Do d6 bay gio trat tu giita
cac 16p cia metacaolanh s la OgSi4O6ALOs... pha metacaolanh lic nay trd 1én khong bén, tu
thai ra 1 phan tr SiO, dé bién thanh pha spinen Si-Al.

OgSi406Al4 —> SlOz + OsSi306Al4 (hOflC Viét Si3Al4012) (2)
Metacaolinit pha spinen Si-Al

Pé hinh dung ciu trac tinh thé ctia pha spinen Si-Al ta so sanh v&i tinh thé spinen MgALOs.
Mdi té bao mang spinen c6 8 phan tir MgALO,. Nghia 1a cong thirc cia mot t& bao mang spinen
14 MggAli4O3,. Dé c6 sb ion O* bang 32 trong spinen Si-Al ta phai nhan cong thirc phén tir
spinen Si-Al trén day voi 8/3 s€ duoc SigAls303,. T do ta théy cling nhu cong thirc spinen
MgALO, mbi té bao mang ludi cia spinen Si-Al c6 32 ion O* gbi ghém chic dic 1ap phuong
tam mdat, 8 ion Si*" phan bd trong cac hdc tir dién, con trong 16 hoc bat dién co 32/3 cation A’
va 16/3 hbc trong.

O nhiét d6 cao hon c6 sy chuyén hoa spinen Si-Al thanh mulit va thai ra mot lugng SiO,
theo phan ung sau

3(SizALO12) <> 2(3A1,05.2S105) + 58i0» 3)

Chung ta c6 thé loi dung phan tng phan huy nhiét cao lanh dé tién hanh téng hop mot sb
gom aluminosilicat nhu mulit, cordierit, celzian.

1.4 Nhiét dong hoc vé phan trng giira cic chit rin

Khi nung hon hop cac chét ran thi c6 thé xay ra rt nhiéu kiéu tuong tac: Tao thanh hop chat
moi, tao thanh dung dich ran thay the dung dich rin xAm nhap... Ddi voida sd cac nha vat liéu
hoc thi ngudn thong tin chu yéu vé kha nang phan Gng gitta cac pha ran phan 16n phai dua vao
thue nghiém. Diéu nay ciing d& hiéu vi rt nhiéu truong hop tién hanh thuc nghiém doi hoi thoi
gian it hon so voi viéc tim kiém va phan tich cac thong tin trong tai liéu tham khao. Luong thong
tin vé phan tng giita cac pha ran thi ngay cang nh1eu viéc hé thdng hoa chung kha phirc tap.
Tretjakov J. D. tir nam 1978 da tién hanh thong ké sb Iuwong cong trinh phan g gitra cac pha ran
kiéu R; + R, = Rs giita 50 oxit kim loai s, p, d, f quan trong nhat cho thdy mot sd rat 16n hop chat
mai [33]. Co I€ thong tin nay cling c6 ich nén ching t61 dua vao trong phu luc cua tai li¢u nay.
Trong bang phu luc cho biét ty 16 mol cua chét tao thanh giita cac oxit. Vi du tuong tac giita oxit
hénmi Ho,O3 voi oxit nhdém Al,Os cho 3 hop chét c6 thanh phﬁn 2:1,1:1va3:5 nghiala
Ho4ALOg; HoAlOs, Ho3AlsO4,. Nhitng 6 con dé tréng la chua c6 thong tin vé su tuong tac gitra
cdp oxit d6, nhitng 6 c6 vach ngang cho biét cip oxit d6 khong tao thanh hop chit méi. Trong
bang do6 chi cho phan ung kifuR; + R, = Rj, dé biét duoc loai phan ung R; + R, = R3 + R4 hodc
R; + R, = R3 + khi, thi phai tién hanh tinh toan gia tri AGY} cla phan ng.

Khi tién hanh nung mot hdn hop trén hai oxit thi sb phan Gng xay ra sé rat nhiéu, viéc tinh
todn kha ndng phan ing gitra chung phirc tap hon.
Vidy ching ta khao sat tong hop gém cordierit 2MgO.2AL0;3.5510; trong do6 ¢6 su thay thé mot

phan MgO bang NiO [34]. Mubn thé chung ta chuan bi h¢ chira 4 oxit MgO, NiO, ALOs, SiO,
trong d6 tong s6 mol ciia MgO va NiO bang 2, sé mol Al,O3 bang 2, SiO, bang 5.



Khi nung mot hdn hop chira 4 oxit nhu vay c6 thé xdy ra rat nhiéu phan tng khac nhau:
1) 1,5MgO + 0,5NiO + 2AL,0; + 5Si0,

— 2(Mg, Ni)0.2A1,03.5 SiO,
2) 1,5MgO + 0,5NiO + 2A1,05 + 5Si0,

—50,75(2Mg0.2Ab05.58i05) + 0,5NiALO; + 1,25Si0,
3) MgO + NiO + 2ALOs + 5Si0, — 2(Mg, Ni)0.2AL,05.5Si0;
4) MgO + NiO + 2AL,0; + 55i0,
— 0,5(Mg, Ni)0.2AL05.58i0; + 0,5NiALO; + 2,55i0,
5) 2NiO + 2AL0; + 5Si0; — 2Ni0.2AL0;.5Si0,
6) 2NiO + 2AL0; +5Si0; — 2NiALO, + 5Si0,

7) MgO + NiO + 2AL0; + 58i0,
— 0,33(3A105.2Si0,) + NiALO, + MgO +4,34Si0,

Thiét 1ap phuong trinh tinh bién thién thé dang ap ding nhiét ctia cic phan ing d6 vao nhiét
do AGY = f(T) ta dugc bang 4.

Bang 4.

AG% clia cac phan trng trong khoang 1000 + 1800 K
Phan AGr 6 cac nhiét do K (J)

rng 1000 1200 1400 1600 1800

1 -564570,00 —-619772,40 | -679772,94 —721813,20 | =768902,52
2 -291903,60 —331352,40 | -368455,11 -403813,92 | -43701,90
3 —732979,14 —77289,40 —832740,75 —-878659,11 -921587,34
4 —187688,16 —207531,75 | —225828,00 —242806,92 | -238071,22
5 —1069797,40 —1113708,40 | —11154399,20 | —1192204,50 | —1226915,10
6 20826,36 59238,03 59238,03 79708,90 100284,36
7 —225702,54 -188389,10 —-188399,10 -167405,46 | —145533,60

Cac sb liéu trong bang 4 cho thiy cac phan tng
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tao thanh cordierit chira niken
2(MgNi)0.2A1,05.5S10, ¢6 gia tri AG7 am nhét (cic phan Gng 1, 2, 3 va dic biét 1a phan tng 5)
so voi phan ung tao thanh spinen niken NiAl,O4 (cac phdn ung 6 va 4). Phan Ung tao thanh

spinen NiALOy (phan tng 6) c6 gia tri AGT duwong & moi nhiét 6. Nhitng thong tin nay rat co
ich cho viéc du doan san pham cua phan rng gitta cac pha ran hoac gop phan giai thich két qua
thuc nghiém trong nghién ctru.



