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ANH HUONG CUA DANG NGUYEN LIEU PAU
PEN SU HINH THANH PHA SPINEL

PHAN THI HOANG OANH’, HOANG NHAT HUNG™

TOM TAT
Cdc nguyén liéu dau Al(OH);, brucite, 4MgCO;.Mg(OH),.6H,0 dugc ding dé khdo
sdt phan vmg tao spinel. Ket qua XRD cua san pham nung ¢ 1200°C cho thay néu dung
nguyén liéu chira magie la 4MgCO3.Mg(OH)..6H>0 qua trinh tgo spinel thugn loi hon so
voi dung nguyén liéu brucite.
ABSTRACT
Impacts of chemical compound types on the spinel formation

Spinel is synthesized by using AI(OH); and brucite or 4MgCO;.Mg(OH)-.6H>0. The
XRD patterns of the samples annealed at 1200°C shows that the spinel formation is easier
from AI(OH); and 4MgCO;.Mg(OH)..6H,0 than the one from AI(OH); and brucite.

1. Mé diu

Chét mau cho gém st yéu cau pha tinh thé nén phai bén nhiét, bén véi cac thanh
phan hoa hoc ciia men va xuong gbm khi nung trong méi tredng oxi hoa ciing nhu méi
truong khir ¢ nhiét d6 cao (1000°C + 1250°C), nén cac chat mau sir dung cho san xuét
gbm st phai ¢ cau trac mang ludi cia cac tinh thé nén bén, cha yéu la: spinel, zircon,
zirconia, corundum, cordierite, augite...

Bing viéc thay thé mot phan cac ion M** M*" trong céu triic mang luéi clia cac
chét nén bang céc ion c6 kha nang phat mau nhu Cu®’, Ni*', Cr’*, Co®"... ngudi ta da
tong hop duoc nhidu chit mau co d6 bén nhiét cao, phi hop véi nhiéu muc dich st
dung khac nhau.

Spinel MgAl,O, la tinh thé bén, co hé sb gian nd nhiét kha tuong thich véi hé )
gidn né nhiét cia men gém s, nén chat mau trén mang ludi tinh thé nén spinel khi
dugc st dung trong men voi ham luong cao (c6 thé dén 10% khdi lugng men) véan
khong gy nén cac khuyét tat do sai 1éch hé sé gidn nd nhiét cia men, bén canh d6 hop
chit mau nén spinel ¢6 nhiéu vu diém ndi bat nhu: mau sic twoi sang, dd phat mau
manh, bén trong moi trudng st dung nén duge sir dung rat phd bién cho san xuat gbm
st 3, 6].

Spinel dugc hinh thanh qua phéan tng:

nhiét 4 cao

MgO + A1203 — MgA1204 (1)

* TS, Khoa Hoéa hoc Trwdng Bai hoc Sw pham TP HCM
* Khoa Hoa hoc Trwdng Pai hoc Sw pham Hué
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Trong bai bao nay, chung t6i nghién ctru anh hudng cta dang nguyén liéu dau dén sy

hinh thanh pha spinel MgAl,O, khi tong hop spinel bang phuong phap gbm truyén thong.
2. Thuc nghiém

- Nguyén liéu dau dung cung cép ALOs 1a Al(OH)s.

- Nguyén liéu dau ding cung cap MgO 1a mot trong hai loai hoa chat phd bién trén
thi truong:

(1) 4MgCO;.Mg(OH),.6H,0 (ky hi¢u 1a NL1)

(2) Brucite Mg(OH),

Ham luong Al,O5 va MgO trong cac nguyén liéu dau duoc xac dinh bang phuong
phép chuan d6 complexon.

Pé khao sat qué trinh chuyén hoa xay ra khi nung, nham xac dinh nhiét d6 nung
so bd va nhiét do nung tao pha spinel phu hop, phoi liéu dugc ghi gian do phan tich
nhiét DTG-DSC trén may Labsys TG/DSC SETARAM (Phap) tai Khoa Hoa hoc,
Truong Pai hoc Khoa hoc Ty nhién, PHQG Ha Noi, tbc do nang nhiét 5°C/phut va
10°C/phut, nhiét 36 nung cuc dai 1200°C.

San pham tao thanh sau nung dugc xac dinh thanh phan pha bang phwong phap
XRD. Thiét bi sir dung 1a D8—Advance-Bruker (M) tai Trung tim Vit liéu, Truong
DPai hoc Khoa hoc Ty nhién, PHQG Ha Noi.

3. Két qua va thio luin
3.1. Kiém tra thanh phin héa ciia nguyén liéu

Céc nguyén li¢u dau dugc phan tich dé kiém tra thanh phan hoa hoc. Két qua
duogc trinh bay ¢ bang 1.

Bangl. Thanh phin % ciia Al,0; va MgO trong nguyén li¢u ddu

T Nguyén li¢u du

Thanh phan

% oxit 4MgCO3.x§i(:))H)z.6H20 Brucite Al(OH),
MgO 40,0 61,0 -
A1203 - - 65,4

- S6 liéu thyc nghiém cho thay %A1,05 trong bot AI(OH), 14 65,4%.
Theo tinh toan 1y thuyét:

oo

AI(OH); — 0,5AL,0; + 1,5H,0 )
78 g 51g
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= %Al,0; trong Al(OH); theo 1y thuyét = f—i .100 = 65,38%: phu hop véi thuc
nghi¢m.
Viy, bot AI(OH), sir dung 1a nguyén chat.

- S liéu thuc nghiém cho thiy %MgO trong 4MgCO;.Mg(OH),.6H,0 (NL1) la
40%.

Theo tinh toan Iy thuyét:
P
4MgCO0;.Mg(OH),.6H,0 — 5MgO + 10 H,0 + CO, 3)
502 g 200 g

=%MgO trong NL1 theo 1y thuyét = %, 100 = 39,84%: phu hop voéi thuc
nghiém.
Vay, bot 4MgCO;.Mg(OH),.6H,0 (NL1) sir dung 1a nguyén chat.
- Sb liéu thuc nghiém cho thay %MgO trong brucite 1a 61%.

Néu brucite 1a nguyén chét:

Mg(OH), — MgO + H,0 4)
58¢g 40 ¢g
% MgO trong brucite theo 1y thuyét = g. 100 = 68,97% (> 61%). Vay brucite
khong nguyén chat.
Theo du doan, khi bao quan, mot phan Mg(OH), bi cacbonat héa thanh MgCO;.

L

MgCO; — MgO + CO, (5)
84g 40g
%MgO trong MgCO; theo 1§ thuyét = g 100 = 47,62% (< 61%)

Vay brucite d3 bi chuyén mot phan thanh MgCOs;.
bat cong thic brucite dang st dung 1a (1-x)Mg(OH),.xMgCO;. Ta c6 phuong
trinh sau:
40 61

58(1-x)+ 84x 100
Giai ra dugc x = 0,3.

Vay cong thirc bot brucite dugc sir dung trong qua trinh khao sat thyc ra la
0,7Mg(OH),. 0,3MgCO;.

Ttr két qua & bang 1, chung toi tién hanh chuan bi phéi liéu cua spinel di tir cac
nguyeén liéu sao cho ty 1€ mol MgO/Al,O; trong phoi li¢u bang 1:1, dung voi ty 1¢ hop
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thirc cua spinel nhu trong phan tng (1). Ky hiéu va thanh phan phdi liéu ciia cic miu
khao sat dugc trinh bay ¢ bang 2.

Bing 2. Thanh phin hai méu phéi ligu M va N

Nguyén li¢u (gam)

Mau | 4MgCO;.Mg(OH),.6H,0
gC0;Mg(OH),.6H; Brucite | Al(OH),
(NLT)
N 15 - 23,4
M - 10 23,4

Trong do6:

+ N 1a ky hiéu cia miu dugc chudn bi tir 4MgCO;.Mg(OH),.6H,0 (NL1) va
Al(OH);.

+ M la ky hiéu ctia mau chuan bj tir brucite va AI(OH)s.

Sau khi phdi tron, cac mau s& co cong thire thanh phan

N: 4MgCO;.Mg(OH),.6H,0 +10AI(OH); vdi phan tir lwong = 1282 g

M: 0,7Mg(OH),. 0,3MgCO; + 2A1(OH); véi phan tir lugng = 221,8 g

Dé khao sat qua trinh chuyén hoa xdy ra khi nung phéi lidu, dé 1am giam cap hat
cta phdi lidu, dong thoi dam bao d6 dong nhét, ting dlen tich tiép xtc, tao didu kién
thuan loi cho phan tng pha rin sau ndy, chung t6i tién hanh nghién bi u6t phdi liéu
trong may nghién hanh tinh v6i dung méi 1a nudc trong 2 gid. Mau phoi liéu sau khi
nghién dugc sdy kho ¢ 100°C dén khdi luong khong ddi.
3.2. Khdo sdt qud trinh phén hiiy nhiét ciia phéi ligu

Dé khao sat qué trinh chuyén hoa xay ra khi nung phdi liéu, nham tim nhiét do
nung so bd va nhiét do nung tao pha spinel phu hop, chiing t6i tién hanh ghi gian do
phén tich nhiét DTG-DSC ciia cic mau N va M. Két qua phan tich nhiét duoc trinh bay
0 hinh 1 va hinh 2.

Gian d6 DTG-DSC ciia mau N (hinh 1), cho thay:

Véi mau N, cac hiéu img mat khéi lugng chdm dirt & khoang 600°C.

% mat khéi luong tong cong theo gian dd = 25,51 + 7,95 + 10,27 = 43,73%

S6 liéu nay phu hop véi tinh toan theo 1y thuyét dwa vao thanh phan ctia mau N:

4MgCO;.Mg(OH),.6H,0 +10AI(OH); — 5MgO + 5A1L,0; + 22H,0 + 4CO,
% mat khéi luong = % 100 = 44,62%

Qua trinh phan huy ctia mau N qua cac budc c¢6 thé du doan nhu sau:
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L T T T T T T T T T T &
TG/% HeatFlowiuV d TG/% Imin
| 40 Exo /| - -
Peak 1:415.97 °C 20
Peak 2 :501.17 °C
| 30
-4
| 20 - I ) o
10 \
Peak :318.38 °C -2 3
]
-40 |
10 . 12
“-,. Mass vanation: -25.51 %
20 \ -60 |
I N Mass vanation: -7.95 %
|-30 R =16 |
N -80
Mess vanation: -10.27 % —
| -a0 -
0 100 200 300 400 500 600 700 800 200 1000 Furnace temperature /°C
1 1 1 Il 1 L 1 1 1 1 1

Hinh 1. Giin d6 DTG-DSC ciia miu N

- O nhiét d6 318°C xuét hién pic thu nhiét kha 16n (pic 1), lugng mét khi nung
tuong ung la 25,51%. Theo chung t61, ¢ day c6 hiéu ung phan huy ctia nhom hydroxit
Al(OH); tao nhdm metahydroxit AIO(OH) [5]:

e

10AI(OH); — 10AIO0(OH) + 10H,0 (6)

Ddng thoi c6 hidu tng thu nhiét cua qua trinh mit nudc két tinh cua
4MgC0O;.Mg(OH),.6H,0 kém theo su giai phong mét lwong nho khi CO, [5]:

4MgC0O5.Mg(OH),.6H,0 — 3MgCO;.Mg(OH),+ MgO + 6H,0 + CO, 7
% loss cua giai doan nay = 022 +1 f';‘ﬂ - .100 = 25,9%: phu hop thuc nghiém

(25,51%).

- 0 416°C xuét hién hiéu Gmg thu nhiét thtr hai (pic 2), véi % mét khdi lugng bang
7,95%. Theo chung t6i, giai doan nay ing voi qua trinh phan hiy cua Mg(OH), va mot
phan MgCO; [5]:

-
3MgCO;.Mg(OH), — 3MgO + MgCO; + H,0 + 2CO, (8)
%loss = % 100=8,26% ~ 8%: pht hop thuc nghidm (7,95% ~ 8%).

Pic thu nhiét nay nho do bi che phu (overlap) boi hidu tmg téa nhiét chuyén dang
thu hinh cua MgO, vi khi méi tao thanh, MgO & dang v6 dinh hinh.
- 0 501°C xuat hién hiéu (mg thu nhiét nho thir ba (pic 3), % mat khéi luong twong
ung 1a 10,27%. Theo chung t6i, giai doan nay ring vdi qué trinh phan huy cua AIO(OH)
va phan MgCO; con lai:
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:F
10AIOOH — 5A1,0; + 5H,0 )
rﬂ'
MgCO; — MgO + CO, (10)
o 518 + 44 o N A 0
Y%loss = EETTTRE 100 =10,45%: phu hgp thuc nghiém (10,27%).
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Hinh 2. Giin @ DTG-DSC ciia miu M

Gian d6 DTG-DSC cua mau M (hinh 2) cho thiy:

% mat khoi luong té)ng cong theo gian dd6=2591+1220+4,39 =42,5%
Trong khi tinh theo 1y thuyét:

rﬂ
0,7Mg(OH),. 0,3MgCO; + 2A1(OH); — MgO + 2A1,05 + 3,7H,0+ 0,3CO;
3.7.18+ 0,244

1e - 100 = 3598%: rat khac véi thuc

V6i % mat khdi luong =
nghiém.

C6 1& do trong qua trinh nghién w6t phdi lidu va sdy, phdi lieu M di co bi bién
doi. Su bién d6i nay chung t6i chua nghién ctru duogc.

Hinh 2 ciing cho thay: phan 16n giai doan mét khbi luong ctia mdu M nam ¢ ving
nhiét o < 600°C. Tuy nhién, con 4,39% khdi luong phai dén > 1000°C méi mat.

Két qua phéan tich nhiét ctia ca hai miu N va M déu cho thay: Hau hét cac hiéu
ung mét khéi luong déu xay ra ¢ nhiét do < 600°C, nén chung t6i chon nhiét do nung
so bd 1a 600°C.
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O nhiét do nay, cac hiéu tng mét khéi lugng chimg t6 phdi liéu di phan huy thanh
MgO va Al,O; méi sinh. Céac san phém moi sinh nay du kién c6 hoat tinh hoa hoc cao.
Do vay, viéc nung so bo cua phéi liéu & 600°C nham tao diéu kién thuan loi cho phan
ung tao pha spinel.

M3au M dén nhiét @6 hon 1000°C van con xuét hién hiéu umg thu nhiét nho nén
chung t6i chon nhiét d6 nung thiéu két tao spinel = 1100°C. Cac két qua da khao sat cua
chung t6i ciing phu hop véi cac két qua da cong bé [1, 2, 4].

3.3. Anh hwong ciia dang nguyén liéu dau dén sw hinh thanh spinel

Dé khéo sat anh huéng cua dang nguyén liéu dau dén qua trinh tao pha spinel
trong phuong phap gém truyén thong, chung t6i so sanh gian d6 nhiéu xa tia X ctia san
pham thu duoc sau khi nung cidc mau phéi liéu N va M dén nhiét d6 1200°C trong thiét
bi phan tich nhi¢t DTG-DSC. Két qua XRD dugc trinh bay trong hinh 3.
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Goc nhiéu xa 20
Hinh 3. Giin do XRD ciia mau N va M sau khi nung dén 1200°C
trong thiét bj phén tich nhiét
Két qua XRD & hinh 3 cho thay:
- Thanh phan pha tinh thé miu N 1a don pha: mau N chi c6 pha spinel.

- Thanh phan pha tinh thé cia mau M 1a da pha: mau M 13 hén hop cua spinel va
corundum.
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- Cuong d6 pic nhiéu xa dic trung cua spinel trén gian d6 XRD ctia mau N cao hon
va d6 rong ban phd cua N (B = 0,162) nho hon ciia mau M (B = 0,182), chimg to phan
{mg pha ran khi di tir NL1 xay ra thuan loi hon so véi di tir brucite.

Céc két qua trén cho thdy nguyén liéu chira magie thich hop dé dung tong hop
spinel 12 4MgCO;.Mg(OH),.6H,0 (ky hiéu NL1). Piéu nay phu hop véi két qua thu
duogc tir gian d6 phén tich nhiét: Véi mau N, qua trinh phan huy dd hoan tit & 600°C,
MgO va Al,O; méi tao thanh ¢6 hoat tinh cao, tao diéu kién thuén loi cho phan u’ng tao
pha spmel Trong khi véi mau M, méi dén hon 1150°C phan tmg phan hiay van chua
hoan tat, nén pha spinel khong cé diéu kién thuan loi dé hinh thanh.

Tir két qua nghién ciru, ching t6i chon 4MgCO0;.Mg(OH),.6H,0 lam nguyén heu
dau dé tong hop spinel bang phuong phap gdm truyén thong trong cac nghién ciru tiép
theo.

4. Kétluan

- Pi x4c dinh duoc muc dd tinh khiét cua cac nguyén li¢u Al(OH),, brucite,
4MgCO;.Mg(OH),.6H,O d¢ chuan bi phoi li¢u c6 thanh phan phu hop véi thanh phan
spinel: ty 1¢ mol MgO/AlL,O; =1/2.

- Pi khéo sat gian d6 phan tich nhiét cua cac phdi liéu, qua d6 tim hiéu qua trinh
phéan hiy nhiét ctia phoi liéu va xac dinh nhiét d6 nung so b phdi liéu (600°C), nhiét do
nung thiéu két (z1100°C).

- Pa nung thiéu két cac phdi liéu & 1200°C, khéo sat gian d6 XRD ciia cac san pham
nung, tr d6 chon dugc nguyén li¢u chua magie phu hop dé tong hop spinel 1a
4MgCO;.Mg(OH),.6H,0.
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