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LOI CAM ON
T6i xin chan thanh cam on quy thdy cd Khoa Héa, Truong Pai hoc Su
pham TP. H6 Chi Minh da tan tinh giang day, giup d& va tao diéu kién cho toi

hoan thanh khoa luan nay.

T6i xin chan thanh cam on cac thay ¢d phong thi nghiém Hoa Ly, Khoa
Hoéa, Truong Pai hoc Su pham TP. H5 Chi Minh.

T6i xin bay to 10ng biét on dic biét dén TS. Phan Thi Hoang Oanh, Khoa
Hoéa, Trudng Dai hoc Su pham TP. Hd Chi Minh - nguoi di truc tiép huéng dan,
tan tinh gitp dg, chi bao t0i. CO ludn tan tuy, nhiét tinh va dong vién toi trong

nhitng luc kho khin trong sudt qua trinh hinh thanh va hoan chinh luan van.

T6i xin chan thanh gui 10i cam on dén gia dinh, ban bé d3 ludn dong vién,

gitip d& trong suét qué trinh hoc tap va hoan thanh khda luan.

Cubi cung xin giri 161 cam on dén quy thay cd, quy doc gia da doc va dong

gop y kién cho khoa luan nay.

Xin chan thanh cam on!
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MO DAU
Nganh cong nghiép san xuat gbm sir da phat trién tur rat lau, tir thoi thuong
cd nude ta da ndi tiéng voi nhitng lang gém nhu Bat Trang, Hwong Canh, Méng
Cai, Bién Hoa ... D6 1a nhitng co s& san xuat gédm my nghé vai nhiing k¥ thuat

cOn rat tho so.

Trong doi séng x& hoi ngay nay, cac san pham gom st my nghé, gém six
dan dung va gém st cdng nghiép khéng nhitng rit da dang, phong pht vé chang
loai, mdu ma va hinh ddng ma con duoc trang tri, phii c4c loai chat mau khac
nhau véi nhiéu hoa vin rat tinh t& 1am cho gié tri tham my cua san pham duoc
nang Ién rat cao. Nghé thuat trang tri cac san pham gom su bang cac chat mau da
va dang duoc phd bién rat rong rai va ngay cang duoc hoan thién nang Ién mot
tam cao méi. Vi vay, nganh cdng nghiép gém st dang c6 nhitng budc phét trién

manh mé.

Mot san pham gém st khong chi duge danh gia qua chat luong xuwong
gébm ma con phai dep, bat mit. Chat mau la yéu t6 quan trong quyét dinh tinh
tham my caa san pham. Trong thyc té viéc san xuit mau cho men gém khong
phai 1a mot van dé nan giai hay gap phai nhitng vuéng méc khac, vai diéu kién tai
nguyén thién nhién rat phong phti nhu nuéc ta hién nay thi van chua c6 mot cong
ty hay mét xi nghiép nao dtng ra to chirc san xuat loai chat mau nay trong lic d6
ta phai nhap ngoai vai gia rat dat. Pidu d6 lam giam di vi thé canh tranh ddi voi
cac doanh nghiép trong nuéc do ho bd vao chi phi dau tu cho viéc nhap ngoai

mau gom st qué cao.

Ban chat cua cac chat mau cho gém s 1a cac pigment khoang chiu nhiét
duoc két hop véi cac thiy tinh dé chay hoic vai cac phdi liéu caa gém st hay 1a
thay tinh cé thanh phan dic biét. Nhu vay cac pigment 1a thanh phan co ban cua

chat mau cho gbm sir va chiing thudng c6 cudng do mau cao.



Trén thi truong hién nay, mac tiéu thu cac san pham gém st déu ting
manh 12 do cic san pham nay dap ang tét cac yéu cau khat khe cia nguoi tiéu
ding vé mau m4, chang loai dic biét 1a mau sic trang tri. Chit mau duoc téng
hop theo thanh phan va nguyén liéu ban dau hay trén céc hé tinh thé dap tng

duoc kha nang bén mau, bén nhiét, bén co va cho ra nhiéu mau sac khac nhau.

Cac chat mau sir dung cho san xuat gém st can c6 cau tric mang ludi tinh
thé nén bén thuong gip nhu: mullite (3A1,03.2Si0,), corundum (Al,O3),
cordierite  (2MgO.2Al,03.5Si0,), grenat  (3Ca0.Al,03.S5i0,),  spinel
(ZnFe,0,)...véi viéc thay thé mot phan cac ion M*, M* trong céu tric mang
ludi cia cac chat nén bang cac ion M**, M** ¢6 kha ning phat mau nhu: Cu®,
Cr¥, Co*, Ni**, Mn%+, Fe**...s& tong hop duoc nhiéu chit mau c6 do bén cao,
phl hop Véi cac yéu cau caa chat mau gém sir. Chat mau dugc tong hop bang
nhiéu cach khac nhau nhu: phuong phap gbm truyén théng, phuong phap dong
két tua, phuong phap khuéch tan ran - long, phuwong phap sol - gel... Téng hop
chat mau trén nén spinel (AB,0,) vé6i nhiéu wu diém nhu: mau sic tuoi sang, do
phat mau manh, bén nhiét... 1a phuong phap dang duoc st dung phd bién cho
Viéc san xuat chat mau. Ngoai ra ngudi ta con cho thém vao ciu tric mang ludi
tinh thé cac nguyén t6 dat hiém dé lam cho mau sic chat mau thém da dang va
chat luong hon nira. DA c6 rat nhiéu cong trinh nghién ctu vé viéc tong hop chat

mau trén nén tinh thé spinel.

T nhitng van dé trén, tdi chon dé tai “Téng hop chat mau nau trén nén
mang tinh thé spinel” vai hi vong san xuat chat mau, dua nganh san xuat gém

st ¢6 nhirg budc phat trién moi.
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CHUONG I: TONG QUAN

I.1. Khai quat vé gém s [13]
Danh tir gdm dung dé chi chung nhitng san pham ma nguyén liéu dé san
Xuit ching gdm maot phan hodc tat ca 1a dat sét hoic kaolin nhu db dat nung, gach

ngdi, chum vai va db st.

Ngay nay danh tir gbm st dich tir chir ceramic dugc md rong hon nhiéu,
san pham gém st chang nhitng bao gom cac loai san xuét tir dat sét, kaolin ma
con bao gébm c4c loai san pham duoc san xuat tir nguyén liéu khdng thuoc silicat
nhu titanat, pherit, cermet... Nhu vay do gém 1a nhitng san pham duoc tao hinh tur
nguyén liéu dang bot, khi nung & nhiét d6 cao, chiing két khéi, ran nhu da va cho
nhiéu dic tinh quy: cudng do co hoc cao, bén nhiét, bén hod, bén dién. Mot sb
loai gbm k¥ thuat con co céc tinh chat dac biét nhu tinh 4p dién, tinh ban dan
hodc co d6 cimg dic biét (ngang kim cuong). Piéu kién & day 1a nguyén liéu,
dang bot khi nung khdng bi pha huy. Dé san xuat gém st c6 dugc cac thudc tinh
quy gia nhu trén thi cdng nghé san xuat ching cling ngay mot phtc tap va hién
dai hon. V&i thudc tinh néu trén, san pham gém st duoc ding hau khap trong céc
linh vyc tir dan dung dén cac nganh cong nghiép hién dai bao gom ky thuat dién,
v tuyén dién tir, truyén tin va truyén hinh, tu dong hoa va ki thuat diéu khién, du

hanh va chinh phuc vii truy.
I.2. Khai quat vé chit mau [7]

I.2.1. Ly thuyét co ban vé mau sic
Hién tuwgng tao mau

Nho co quan thi gidc ma ta cé thé nhan biét dugc thé gidi vat chat quanh ta
v6 cung phong pht 1a do vat chit phat ra ngudn ning luong birc xa hay phan xa
ngudn anh sang chiéu vao né. Mau sic cua vat c6 dugc 1a do chiing c6 kha ning

hap thu toan bo anh sang mot cach c6 chon loc.
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e Néu &nh sang trang chiéu vao vat ma bi khuéch tan hoan toan hoic di qua

hoan toan thi chat d6 c6 mau tring hoic khéng mau.

e Néu vat hap thu hoan toan tat ca céc tia cua anh sang tring thi chit do co

mau den.

e Néu sy hip thu chi xay ra & mot khoang nao d6 cua ving kha kién thi cac

buc xa & khoang con lai sé cho ta mot mau nao do.

Bdng 1.1. Tia bi hdp thu va tia 16 trong ving khd kién

Budc song cua dai | Mau cua anh sang o,
hép thu (nm) bi hép tha Mau nhin thay duoc

<400 Tia tr ngoai Khéng mau

400 - 435 Tim Luc - Vang

435 - 480 Lam Vang

480 - 490 Lam — Luc nhat Cam

490 - 500 Luc- Lam nhat bo

500 - 560 Luc bo tia

560 - 580 Luc - Vang Tim

580 - 595 Vang Lam

595 - 605 Cam Lam — Luc nhat

605 - 750 bo Luc- Lam nhat
>750 Tia hong ngoai Khong mau

Hién twong mau dugc chia lam 3 qua trinh.
12



e Qua trinh vat ly: qua trinh birc xa nang luong.
e Qua trinh sinh ly: qua trinh tac dong clia ning lugng vao mét va su chuyén
hoa ning lwong nay thanh ning lugng kich thich than kinh thi giac.

e Quétrinh tdm ly: qua trinh cam thy mit.
Cac dai lwgng dac trung cho mau

Mau sic 1a dai luong gdm 3 thanh phan
e Tong mau - sic mau.
e DO thuan sic - dd bio hoa.
e Do choi - ) sang.

Tong mau, do thuan sic va do choi 1a ba dic trung khach quan cia mau,
con sic mau, d6 bao hoa va do sang 1a ba dic trung chi quan ciia mau vi chung
gan lién véi tdm sinh li con ngudi.

T6ng mau

Tong mau cua mot chit duogc biéu thi bai tong cta mau don sdc co budc
song trdi, chi sy khac biét vé cam gidc mau ctia mot mau hitu sic véi mau ghi cd
cung dd sang, duoc biéu thi bang cac tir chi sic mau hay 4nh mau nhu: d6 tia, do
cam, xanh tim.

P thuin sic - dd bio hoa

Do thuan sic xac dinh sic thai trong mau, cic mau don sic c6 do thuan sic
100%, mau da sic chira mau trdi cang lon cang thuan sic, cdc mau vo sic c6 do
thuan sic kém. Do bdo hoa chi sy khac biét gilta mau cua vat véi mau tréng, nhu
vy cac mau quang phd c6 do bio hoa khong gidng nhau. Muc dd bao hoa cta
mau quang pho:

Vang < vang luc < luc <cam < lam< dé < cham < tim.

Do choi - do sang

Do choéi cua mau la d6 choéi cua nguén birc xa hay do choéi cua vat dugce
chiéu sang, do sang la thudc do do cdm thu mau cua co quan thi giac, vi vay do
chéi co thé xac dinh duge con do sang thi khong.

13



Ngoai ra mau con dac trung bdi do sau - d6 cao mau va cuong do mau.

1.2.2. Ban chit héa hoc ciia mau

Trang thai electron trong nguyén tir, phan tir, d6 linh dong va sy chuyén
mirc ning luong cua ching khi bi kich thich da tao nén kha ning xuat hién mau
clia vat chat.

Theo thuyét co hoc luong ti: cac nguyén tir hay phéan tir chit c¢6 thé cho
hay nhan ning luong theo timg phan riéng biét. Trong hoa hoc cac chat mau,
niang lwong ma cac luong tir 4nh sang c6 twong Ung voi cic budc chuyén
electron. Do budc chuyén 4y, trang thai ning luong cla cic nguyén tir, ning
luong c6 thé nhan mot diy hoan toan cé gia tri riéng biét. Thong thudng ning
luong cua chiing dugc biéu hién bing cac gian dd mirc ning luong.

Nang luong cuia cac electron thudc quy dao ngoai cung duogc ki hiéu 1a Sy
va cac murc cao hon Sq 1a cac mirc chua dugc lap day ki hiéu lan luot 14 Sy, S...

Khi cung cép cho electron mot ning lugng da 16n nd s& chuyén tir muc cin
bang 1én mtc cao hon.

Su hép thu mét lugng tir d&nh sang c6 nang luong E = hv= ES; - ES, tuong
g v&i voi viée chuyén electron d6 tir quy dao So 1én quy dao S; (twong tu la
cac muc S, Si...).

Trong truong hop orbital 16p ngoai c6 hai electron voi spin tong cong bang
khong va dugc biéu thi bﬁng thuat nglr “singlet” khi bi kich thich, mét electron
chuyén sang mirc nang luong khic nhung spin cta n6 khong ddi va tong spin cta
electron cila chiing bang khong (trang thai kich thich Singlet S*). Tuy nhién, c6
truong hop khi bi kich thich spin ctia nd bi thay d6i, khi d6 spin cua electron &
trang thai co ban va trang thai kich thich song song véi nhau va ching c6 tong
spin la +1 hay -1 (trang thai tripket To*) khi d6 n6 c6 nang lugng bé hon va bén
viing hon trang thai kich thich Singlet S*.

14



D]

Hinh 1.1. Sw thay déi trang thdi electron

Sau mot khoang thoi gian rat ngan (8-10 gidy) & trang thai S*, electron
giai phong ning lugng va tu chuyén sang mic To* va c6 thé kém theo su thay doi
mau cta chat hay phat ra 1an quang, huynh quang, phat quang. Luong tir anh sang
tac dong 1én cac electron ctia nguyén tir vat chat va chuyén chung sang cic trang
thai khac nhau. Néu electron “nhay cam” vo1 mot mién nhat dinh nao d6 trong
pho trong thay thi ta s& nhin thiy mau ciia chat khi chiéu sang.

Trong truong hop nang lugng du 16n, electron s€ bi kich thich 1én cac muc
cao hon va khi giai phong nang luong dé tré vé mirc cii, ta sé thdy mau hay su
phat quang.

DPdi v6i mdi chét, trang thai cua electron c6 thé khac biét so v6i chét khac

nén co ché xuat hi€én mau va mau sac cua ching cé thé khac nhau.

1.2.3. ChéAt mau vé co
Pic diém chung

Mau cua da sb cac chat vo co duge quyét dinh boi cac budc chuyén
electron va do d6 su chuyén dién tich tir nguyén tir cia nguyén t6 ndy sang
nguyén tir cua nguyén to khac. Pong vai trd chu yéu trong truong hop nay la

trang thai hoa tri clia nguyén t, tirc 16p vo electron ngoai cung.

15



Trong phan tir cac chit c6 mau, mic ning lwong cia electron phin bd kha
gan nhau, diéu d6 cho phép chat hap thy nhiing lugng tir c6 nang lwong khong
16n Gmg voi bude song trong thay. Nhirng chat khong ¢6 mau nhu nito, hidro, flo
bai vi ching khong thé hap thu cac lwong tir anh sang trong thay dé thuc hién
budc chuyén electron.

S electron trong nguyén tir cang nhiéu thi muc ning luong cang sit nhau
va didc biét co orbital tréng thi cang dé& c6 mau, cac halogen c6 nhiéu electron nhu
clo, iot déu c6 mau.

Céac hop chat vo co dugce tao boi 16p s, p duoc 1ap day electron, cac anion
ctia nhitng nguyén té phi kim thudc chu ky dau diéu khong c6 mau. Nhirng hop
chat chii yéu 13 oxit ciia nhitng nguyén t6 nam tai bién giéi quy udc kim loai — phi
kim nhu atimon, bitmut, chi, nhém ciling khong c6 mau.

Nhitng hop chit cta nhimg nguyén t6 thuéc phan nhém phy nhom IV
(titan va ziconi) c6 mau trang, thanh phan cic hop chit nay c6 dic diém 1a khong
thé chuyén electron & oxi va ¢ cation cta nguyén t6 thudc nhom II tir trang thai
co ban sang trang thai kich thich vi khong c6 orbital tu do.

Da s6 truong hop céc ion 16p vo chua hoan chinh tao ra nhitng hop chat c¢6
mau. O cic nguyén té d thudc chu ky IV, mau cia chit duoc quyét dinh béi cac
budc chuyén electron tir orbital d nay sang orbital d khac va sy chuyén dién tich
sang ion kim loai hiit cac electron tir cac orbital ctia anion sang céc orbital tréng
cua minh, cac cation crOm, mangan, sit, coban, niken va mot s6 kim loai khac tao
cho tat ca cac hop chat ciia ching 6 mau ing véi mau cia chiing trong dung dich
nude: Cr** ¢6 mau vang, Fe®* c6 mau nau vang...

Nhu vay trén co sé bang tudn hoan Mendeleep, vé& nguyén tic ta c6 thé
doén sy c6 mau ctia mot hop chét nao do, nhung trén thuc té su tuong tac qua lai
gifra cac cation - anion, trang thai tdn tai cling nhu cAu tric tinh thé cua chit co

anh huong dén mau tham chi lam thay doéi hoan toan diéu ki¢n xuat hi¢n mau.
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Trang thai oxy hoa

Mau cta da s6 cac truong hop chéat vo co duge quyét dinh bai sé oxi hoa
clia cac cation trong hop chat, mdi mirc oxi hoa co thé tmg v6i mot mau riéng va
tinh chat riéng.

Bdng 1.2. Mau cua chat mau ion

lon gady mau Mau Ghicha
Co** Tim xanh Mau dac trung cua coban
Ni** Tim Trong thuy tinh canxi
Ni** Xanh nau Trong thuy tinh kiém
Nd** Tim
ce* Vang Ce*'khong tao mau
cr* Xanh 14 cay
(CrO4)* Vang

Mn™* Tim Mn*mau xam den,Mn® mau luc
cu” Xanh dong
Fe* Nau vang Mau rat sim khi ¢6 TiO,

Fe” + Fe* | Xanhvechai | Khong khir hoan toan thanh Fe*

Khi cac chét ton tai & mirc oxi hoa cang cao, tac dung phan cuc cta nd
cang 16n va cac electron cang dé bi kich thich.

Vi du: céc hop chét cua mangan nhu Mn** (MnO;) mau xam den, Mn®*
(K,MnO,) mau luc, Mn"* (KMnO,) mau tim. Cac hop chét phi kim nhu V* mau
xam con V> ¢ mau vang cam...

Sw phan cuc phan ti

Su phan cyc dan t6i su thay doi trang thai electron 1am cho ching bi kich
thich khi c6 ngudn birc xa chiéu vao va lam thay d6i mau sic cua chét.

Vi du: d6 c6 cuc ciia Ag" > AgCl > Agl, duéi tic dong ctia anh sang miit
troi ion Ag” khong mau, mudi AgCl c6 mau tring, mudi Agl c6 mau vang...
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Trang thai ton tai ciia chat

Trang thai ton tai cia chat anh hudng t6i khoang cach ion - ion, phén tir -
phan tir, hat nhan - electron... dan t6i anh hudng dén sy dich chuyén electron khi
¢6 ngudn bire xa chiéu vao lam cho mau sac ctia chét bi thay doi.

Vi du: trong dung dich hop chét iodua chi Pbl, phan ly thanh Pb* va I
lam ting khoang cach giita chiing nén kha ning hap thu ning luong bic xa giam
lam cho ching khong c6 mau. Khi két tia khoang cach giita chung giam, c6 sy
bién dang cation va anion tao ra sy phan cuc 1am giam ning luong kich thich
electron nén Pbl, c6 mau vang.

Tom lai mau cta cac chét vo co bi chi phdi bdi cac yéu tb:

—  Cac mirc ning luong cua electron trong phan tir phai gan nhau va cé cic
orbital hoa tri con trong.
— Trong phan tir ¢6 su phan cuc manh hay anion va cation c¢6 kha nang phan

cuc lon.

1.2.4. Tinh chit dac trung cua chéat mau [7]

Khéc véi chat mau hiru co, cac chat mau vo co chi phan tan duéi dang céc
hat rin chir khong tan trong méi truong ma ching tao mau. Do d6 ¢& hat cang bé
s& cho sy phan tan cang tét va mau sic s& dep, dé sir dung. Uu diém cua chat mau
v6 co 1a bén véi méi truong, thoi tiét, anh séng, nhiét d6... Nhuoc diém cua
chdng 1a do t6n tai duéi dang hat phan tan trong méi trudng chir khdng tan nén

tinh chat va kha nang ap dung phu thudc nhiéu vao cd hat.
Tinh chdt quang - Iy

Gia tri cia mot loai chat mau vo co phu thudc vao nhiing tinh chit quang
ly cia ching, bao gdm cac dic trung vé cau trdc tinh thé, c& hat va phan bd ¢
hat, dang hinh hoc cua hat, su két tu... va cac tinh chat héa hoc nhu thanh phan,
do tinh khiét va d6 bén hoa hoc. C6 hai thudc tinh quan trong nhat caa bot mau l1a

kha ning tao mau cho méi truong ma ching duoc phan tan va d6 duc (chin sang)
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cua chat mau. Hai thuoc tinh nay quyét dinh gia tri cua chat mau va pham vi tng
dung cua nd. Bo duc cua chat mau 1a mot ham cua ¢& hat va sy khac nhau giira

chi s6 khic xa giira hat mau va méi truong phan tan.

Tinh chit mau cta chat mau duoc xac dinh trén cac dic trung nhu mau
sic, d6 bén mau, d6 duc, do dong nhat cua mau, do bén thoi tiét, bén nhiét, bén
hoa. Mo6i trudng phan tan va diéu kién ché tao 1a nhitng yéu té anh huong 16n t6i

t4i tinh chat mau cua chat mau.
Tinh chdt héa hoc

Cac tinh chat hda hoc quan trong cua chat mau Ia thanh phan héa hoc, do
tinh khiét va hé sé ty lwong trong phan tir. Cac tinh chat nay quyét dinh tinh chat
mau va gia tri sir dung cua chat mau. Néu chat mau ma chua cac tap chat 1a kim
loai ning, cho du ham lugng rat nho thi ciing khong duoc phép sir dung trong doi

séng va thuong mai vi Iy do sitc khoe va méi truong.
Cau tric tinh thé

Cho biét nhitng thdng tin vé cau trlc tinh thé nhu pha tinh thé, pha tap chat
hay pha nguyén liéu chua chuyén héa ton tai trong hat mau, do tinh thé 1a nhiing
dic trung quan trong quyét dinh dén tinh chat mau cua bot mau. Mot chat mau ly
tuong 1a chat mau chi chira mot pha dic trung va c6 do tinh thé cao. Sy ton tai

pha thir hai hoac pha tap thuong lam giam cac tinh chat mau cua hat mau.
Khd néing phéi mau

Kha nang phbi mau caa chat mau 1a kha ning ma mot chat mau cé thé pha
tron voi chat mau khéac theo ty 16 xac dinh dé tao ra cdc mau trung gian khac
nhau. Qua trinh trén cac chat mau khac nhau dé tao ra mot hdn hop chat mau cé
mau sic mé&i nhu mong doi. Kha niang phbi mau cua chat mau thé hién ¢ viéc

chat mau khi tron cuing chat mau khac thi van giir nguyén duoc cac tinh chat quy
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cua riéng minh, ddng thoi khong 1am giam hay pha hay cac tinh chit mau cua

chat mau khéc.

1.2.5. Nguyén nhan gay mau [1]

Sw chuyén electron ndi

Khi 4nh sang chiéu vao khoang vat ching c6 mét khoang budc séng xéac
dinh tir 25000 — 140000 cm™ thi céac dién tir bi kich thich ¢ orbital d hoac f. Nhin
chung nguy@n nhan gay mau la do su hién dién cua céac ion kim loai chuyén tiép

c6 cac orbital d hoac f chua dugc lap day.

Mot dic diém nira 1a do sy c6 mat caa cac nguyén té ho lantanoid thi cho

cac day hap thu yéu, nhon cho nén sic mau cudng dé mau nhat.
Sw chuyén electron giira cac nguyén té 1an can nhau hay sw chuyén dién tich

Trong mang luéi tinh thé cac ion nam Ian can nhau c6 kha niang chuyén
dién tich khi c6 sy kich thich cua tia tir ngoai, sy dich chuyén dién tich nay cé thé
1a tir kim loai sang kim loai, hay tir phdi tir sang kim loai, hoic ciing c6 thé 1a tur
kim loai sang phdi tir. Khi chling hap thu anh sang thi nam trong ving kha kién tir
3000 — 6000A°, g vé6i day nang lwong tir 95 — 97 kcal. Ban chit cua qué trinh

nay la mét qua trinh quang hoa oxy hoéa khtr.

Sy chuyén dién tich dién ra cang dé& dang khi cé su hién dién caa cac ion
c6 nhiéu mutc hda tri khac nhau nam canh nhau trong cing mot mang luéi tinh thé
nhu Mn?* va Mn*, Fe** va Fe*, Ti** va Ti*". Su chuyén dién tich dién ra thuan
loi hon néu ¢6 sy trao d6i thay thé cac ion déng hinh trong mang ludi tinh thé vi
du nhu sy thay thé ion Fe” bang ion Mg®* hay AI** bang Fe*, su thay thé nay
dan dén mot hé qua tat yéu 1a nang luong kich thich nho do vay cé thé ¢ diéu kién
binh thuong 1a ¢ thé bi kich thich cho nén cuong d6 mau ddm hon. Cuong do
mau trong trudng hop ndy phai gap tir 100 cho dén 1000 lan so véi sy chuyén

mirc nang luong ¢ 3d.
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Sw chuyén electron cam w&ng do c&c khuyét tat trong mang lwéi tinh thé

Trong cac khoang c6 chira cha yéu 1a cac hop chat kim loai kiém va kiém
tho, n6 6 chira cac tam mau va cac khuyét tat mang ludi tinh thé. O nhiing cho

khuyét tat nay c6 kha nang hap thy anh sang trong viing kha kién tao ra mau sic.

C6 hai loai tdm mau chu yéu 1a tim F (cac dién ti chiém 156 tréng) va tam
F’ (cac dién tir chiém hc mang). Ngoai ra trong mot sé khoang néu bi nhiém ban

c4c tap chat 1a cac khoang c6 chira cac nguyén té phong xa nhu zircon, allanite.
Sw chuyén cac dai ning lwong

Su dam mau cua cac khoang sunfua va cac khoang vat khac nhau co6 ho
Vé6i chiing thuong cing mot co ché 1a do sy chuyén dai nang luong trong ving tir
viing hoa trj t6i viing dan trong tinh thé, cac dinh hap thu &nh sang nim trong

viing kha kién rong nén chung c6 cuong dé mau dam.

1.2.6. Mt so oxit gay mau thong dung trong san xuat chat mau [2][5][6]

Mau cua cac san pham men gém duoc quyét dinh bsi su c6 mat céc
nguyén té kim loai chuyén tiép. Do 1a cac kim loai ¢6 16p voé dién ta chua duoc
dién day da ¢ phan Iép d hay f trong cdu hinh dién tar caa nd. Trong tong hop
mau cho men goém ngudi ta thudng dua vao cac kim loai chuyén tiép bang cach
tron véi phdi lidu cac oxit cua nd hay cac hop chat hydroxit, cac mudi c6 kha
ning phan hay tao duoc cac oxit khi nung & nhiét d6 cao sau d6 dem nghién,

nung sy va lam cac cong doan tiép theo.
a/ Nhém oxit Al,O3

O dang khan ching ton tai ba dang thu hinh chinh 1a a, p va y-Al,Os3,

trong s6 d6 thi dang a, y-Al,05 1a nhitng dang oxit tinh khiét con lai dang p-
Al,O3 la mot dang tap n6 khdng phai la dang thu hinh riéng caa Al,O3; ma chi la
mot dang ki hiéu cia mot nhom aluminat ¢6 ham lugng oxit nhém cao ma thoi,
ngudi ta di tim ra thanh phan cua dang nay c6 thé viét dudi dang MeO.6Al,03,
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hay 1a Me,0.12Al1,0; (Me la cac kim loai kiém hozc kiém thd). Mot dic diém
quan trong la tat ca cac dang aluminat déu ton tai & dang lap phuong va ching c6
kha ning trao ddi cac ion hoa tri 1 va 2 khi chung di vao mang luéi tinh thé. O
nhiét do cao 1300 — 1700°C thi ching c6 kha ning chuyén vé dang alpha oxit

nhdm khi né bi mat di oxit kim loai kiém do ¢ nhiét d6 nay ching bi béc hoi.

Al, 05 1a mét dang thd hinh riéng cua oxit nhém, chiing c6 dang ton tai 1a
hé tinh thé tam phuong. Nhiét dd néng chay la 2040 — 2050°C né ton tai trong tu

nhién ¢ dang cac khoang corun, rubi, saphia.

Al, 05 ciing 1a mot dang thu hinh caa oxit nhdm, ching tn tai & dang tinh
thé 1ap phuong gidéng spinel, & nhiét do 1000°C thi chiing chuyén thanh dang thu
hinh alpha trong qua trinh chuyén dang thu hinh thi chung dong thoi giai phong ra
mét ning luong 7,8 kcal/mol dong thoi ching ciing kém theo sy co vé thé tich 1a
14,3 % d¢ ctng cua né khong duge xac dinh cu thé vi ching & trang théi tinh thé
rat nho. Ching cé kha ning tan tot khi dun néng véi H,SO, voi mot lwong nho,
hon nira ching c6 kha ning hap thy tét hon 1a dang alpha cho nén ¢ dang nay
hoat tinh cao hon so vé6i corun. Khi nung hydroxit nhém thi chding mét phan
chuyén thanh Al,O5.

b/ Crém oxit Cr,0;

Crdm oxit 1 tinh thé c6 mau den anh kim, cau tric mang lugi tinh thé
gidng véi cau trac caa corundum, cac ion oxi xép kin luc phuong, con cac ion

Cr® chiém 2/3 héc mang bét dién.
¢/ Oxit (1) mangan MnO

Mangan oxit 13 mot chat bot mau xam luc c6 mang ludi tinh thé kiéu lap
phuong nhu NaCl c6 thanh phan bién d6i tr MnO dén MnO, 5. Cac hop chit cua

Mn ding dé ché tao mau nau, tim, den. Ngudi ta sir dung cac men chira bori, oxit
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mangan cho chit mau nau, ngodi ra con sir dung cac chat khac cling voi MnO dé

lam mau héng.
d/ Thiéc (1V) oxit SnO,

Thiéc oxit 1a mot chat ran mau trang, ¢é cau trac tinh thé kiéu rutin trong
d6 moi nguyén tir Sn dugc bao quanh béi 6 nguyén tir O, va mdi nguyén tir O bao
quanh 3 nguyén tir Sn. SnO, 14 thanh phan chinh caa chat mau hong hay téng hop

chat mau khac nhu xanh da troi v6i coban hay véi CuO cho mau lam...
e/ Coban oxit CoO

Coban oxit 1a chat bot mau luc tham, 1 chat ran dang tinh thé 1ap phuong
kiéu NaCl néng chay ¢ 1810°C. CoO thudng duoc ding 1am chét xdc tac, bot
mau trong san xuét thay tinh va gdm. Mau do hop chat coban dua vao thuong la
mau xanh nhat dén xanh lam tuy theo ham lugng coban. Céc hop chat nay thuong
két hop vai Al,O3 va ZnO tao thanh cac hop chit mang mau, ham luong Al,O;

cang cao thi mau xanh cang nhat.
f/ Kém oxit ZnO

Ban than ZnO riéng 1é khdng tao mau, tuy nhién dudi anh hudng cua cac
chat mau lai cho mau khac nhau. Chang han, khi thém ZnO vao men crém thi
mau lyc s& giam dan va chuyén dan sang mau xam ban. Thém ZnO vao men
niken sé cho cac mau khac nhau. Vi men coban, ZnO c¢6 tac dung lam cho mau
trong sang va mat anh tim. Trong men c6 chira sat, khi cho ZnO s& c6 mau nau
do.

I.3. Khai quat vé men gom [13]
Men gém 1a mét 16p thuy tinh c6 chiéu day tir 0,15-0,4 mm pha 18n bé
mat xuong gébm. L6p thuy tinh nay hinh thanh trong qua trinh nung va cé tac

dung 1am cho bé mat san pham tré nén sit dac, nhin, bong.
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I.3.1. Nguyén li¢u

Men gém tuy ban chit 14 thay tinh nhung phdi liéu khdng hoan toan giéng,
boi thuy tinh thong thudng khi nau cé thé chaa trong bé khudy cho dong nhét va
khtr bot. Men khi ndng chay phai ¢ong nhat ma khoéng can mét su tro gitp co hoc

nao, nén phdi lidu phai khdng cd vat chat nao khdng thé tao pha thay tinh.

Do d6, diéu can thiét dau tién 1a phai tao duoc mot hdn hop chay long dong nhat

& nhiét 6 mong mudn.

Trong qua trinh nong chay va ngay sau do, cac oxit trong men phan ng
VGi bé mat xuong gom dé tao nén maot 16p trung gian. Phan tng nay rat quan
trong vi n6 anh huong dén do bén co hoc ctia men, né khdng chi phu thudc thanh

phan héa hoc chung cia men ma con phu thudc tirng oxit riéng.

Do d6, diéu can thiét tha hai la thanh phan hoa cia men phai gan giong thanh

phan hda cia xwong gém.

Qua trinh lam ngudi (giam nhiét) xay ra nguoC Vi qua trinh nung (tang
nhiét). Néu hé sé gidn ng nhiét cia men va xwong khong phu hop nhau s& gy ra

bong hoac nut men.

Do d6, diéu can thiét thir ba 1a hé s6 gi&n na nhiét ciia men va xwong phai phu

hop nhau.

Men nung xong phai cing, nhan, béng. Bén canh dé, tinh trong sudt,
khong mau, tinh sang bong cia men khong phai lac nao cling nhu mong mudn.
Néu xuong gbm c6 mau thi phai ding men duc dé che 1ap mau cua xwong, ngoai

ra c6 thé ché tao men két tinh va vé sé6 men mau khac.

Do d6, diéu can thiét tha tu 1a thanh phan héa cia men phai duoc diéu chinh sao

cho men c6 duoc cac tinh chét co - Iy - hoé - quang mong mudn.
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Men gém 1a mét hé phuc tap gdm nhiéu oxit nhu: Li,O, Na,O, K,0, PbO,
B,O3, Ca0, Zn0O, MgO, Al,03, Fe,03, Si0,... dugc dua vao dudi cac dang sau:

—  Nguyen liéu déo (plastic): gom c6 cao lanh (kaolin), dat sét (clay), bot talc
(steatit), betonit...

—  Nguyén liéu khéng déo (nonplastic) dudi dang khoéng: gom cé trudng
thach, dolomit, da voi, cat...

—  Nguyén liéu khong déo dudi dang hda chat cong nghiép: BaCO3, Na,COs,
K,COj3, borax (dan gian goi la han the), axit boric, Cr,03, ZnO... hoac cac

loai frit.

1.3.2. San xuat

Phwong phap cb dién

Phuong phap nay co6 thé &p dung cho hau hét cac loai men séng va xuat
phét tir rat lau. Phuong phap nay don gian chi 1a nghién phdi li¢u trong may
nghién bi gian doan dén khi d6 min qua hét sang 10.000 16/cm? (hoac con lai dudi
0,5%).

Trong qua trinh nghién, can khdng ché d6 min thich hop vi néu nhu nghién
qua min men s& bi cudn hoic bong men, néu men qué thd s& gdy nham bé mit va
tang nhiét d6 nung mot cach dang ké. Pdi vai men trang (duc) va men trong hoic
men cho st cach dién, sau khi nghién can thiét phai dwa qua may khur tir dé loai
bo sat va oxit sit (co trong nguyén liéu hoic do sy mai mon caa may nghién).
Thong thudng men d& bi ling 1am cho céc cau tir trong men phan bé khéng déu

va gay 18i san pham, dé han ché phai dung cac bién phap nhu:
Lam cho men dic lén (ham am nho hon).

Giam bt d6 nghién min (men khong qua min).
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Thém dét sét, cao lanh hoic bentonit dé ting d6 huyén phu va 1am men dic

hon.

Thém mét it tinh bot dextrin, keo glutin, keo xenlulo hodc thém vao mot it

NH;, amon oxalat hodc mét axit yéu...
Phwong phap frit

Phuong phap frit co thé khic phuc duogc tit ca nhimg nhuoc diém cua
phuong phap co truyén, ma quan trong nhat 1a giam thiéu duoc yéu té doc hai cua
nhitng nguyén liéu dwa vao men (nhu PbO c6 thé gay ung thu), dong thoi giai
quyét bai toan thay thé nguyén liéu khi nguyén liéu khai thac khong on dinh vé
chat lugng va mot s6 nguyén liéu dang c6 nguy co can kiét. Phuong phap nay cho
phép céng nghé san xuat men goém co thé da dang hod trong viéc str dung nguyén
licu dé cho ra nhitng san pham tinh xao, han ché rui ro trong san xuat va, hon thé
nita, cO thé cho ra doi nhiing san pham cong nghiép dap ung nhu cau ngay cang

cao cua thé gisi. Phuong phap nay bao gdm 2 cong doan chinh:

Frit hoa: phéi liéu dugc nau cho chay long ¢ 1300-1450°C & 16 quay hoic
10 bé (twrong tu 10 ndu thuy tinh) dé hdn hop nguyén liéu chuyén hoan toan sang
pha thuy tinh, sau 6 1am lanh rat nhanh dé phé v két cau khéi thuy tinh chay do.
Thanh phan hoa cua frit (sau khi nau) phu thugc nhiéu vao kiéu 10, thoi gian nau

va phu thudc 16n vao ban chat nguyén liéu dwa vao phdi liéu.

Nghién men: mot frit ¢d thé cé thanh phan hoa dap ng yéu cau va co thé
coi d6 1a mot men thanh pham, nhung néu n6 khéng dap tng du thi can phai c6
bién phap bu (tinh cap phéi 1an 2). Trong qua trinh nghién, can b sung chat tao

huyén pha, chéng lang...

1.3.3. ChAt mau cho men gém 151171
Chat mau trén men: vé co ban mau trén men 1a hdn hop nhiéu chat do 1a

chat tao mau, chat chay, chat tao duc, chat pha lodng. Mau trén men thi nhiét do
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nung thip khoang 700°C. Trong qué trinh nung dén nhiét d6 xac dinh trén thi
khoang d6 bi chay ra va bam chit 1én bé mat men c6 d6 nhét cao, trong mot sé
truong hop thi n6 tham sau vao bén trong 16p men mot ti va phai cach ly vai cac

khi chay dic biét 1a cac hop chat c6 chira luu huynh .

Chat mau dudi men: mau dudi men thong thuong bao gom cac thanh phan
chinh nhu sau: chat tao mau, chit chay, chit pha loing. Mau duéi men duoc nung
& nhiét do cao hon mau & trén men thuong thi trén 1170°C tré 1én. Mau ¢ dudi
men thudng dugc Vé trang tri 18n san pham nung so bd sau d6 dugc trang mot 16p
men rdi dem nung chinh & nhiét ¢ 1300-1350°C, chit chay duoc sir dung trong
men truong hop nay thudng 13 it hon so véi truong hop trudc hay sir dung nhét la
felspat hoac men silica, oxit nhém dung méi pha mau 1a dung dich hoa tan chit

két dinh hay 1a dau thong.

Chat mau trong men: trong san xuat nguoi ta dua truc tiép chat tao mau
vao men, mau duoc dua vao cd cuong do mau phu thuéc vao nhitng yéu té nhu
ban chét cua chat gdy mau, hay d6 min cua chat gy mau. Do min cua chat gay
mau cang min thi cho cuong d6 mau cang cao va tinh déng déu mau cang 16n,
nhung néu kich thuéc hat qua min s& dan dén d& hoa tan trong men thay tinh

chay, con néu c& hat tho thi mau khong déng déu gay nén mau cuc bo trong men.

1.3.4. Co  ché gay mau [5]

Xay ra theo hai con duong sau:

Thi nhat 14 sy tao mau trong men biang cac phan tir mau tan trong men,
tuy nhién mau cua né khong 6n dinh va rat dé thay d6i cuong d6 mau ciing nhu
trang thai sic mau cia men né phu thudc vao nhiét d6 nung va cac diéu kién
nung khac, khi chat mau tan trong men thuong xay ra tuong tac hoa hoc phic tap

lam pha vé& cau trdc caa chat mau do vay mau sic rat dé thay doi.

Thi hai 12 sy tao mau trong men boi cac chat khdng tan vao trong men

ching bén vé cau trdc, cac hat mau chi phan b déu vao trong men ma khéng bi
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thay ddi cu tric qué trinh ndy chi don thuan 1a qué trinh khuéch tan cha khdng
c6 twong tac hoa hoc, trong truong hop nay thi mau trong men gay ra 1a bén

khong bi thay doi, ¢6 tinh 6n dinh cao.
I.4. K§ thuit tong hep chit mau [10]

I.4.1. Cac phan ung dién ra trong téng hop chit mau cho gém s

Thong thuong ching ta gap cac phan tng dién ra trong méi truong khi,
long hay 1a mét phan @ng di thé nao khac. Nhung trong tdng hop chat mau cho
men gom thi cac phan &ng dién ra giira cac pha ran tir cac oxit & nhiét 6 cao. Cac
ion giy mau duoc dua vao mang ludi tinh thé bang cac con duong khac nhau
ching ton tai trong tinh thé dudi dang dung dich ran xam nhap d6 1a hinh thtc ton
tai ma cac ion gy mau nim & cac héc mang luéi tinh thé nén, hay ching cé thé
t6n tai dudi dang cac dung dich rin thay thé truong hop nay céc ion sinh mau
thay thé cac ion trong mang lu6i tinh thé nén. Céac qua trinh dién ra réat phic tap
bao gom nhiéu qué trinh nhu phat sinh cac khuyét tat mang ludi, lam toi mang
lugi tinh thé hinh thanh va phan hiay cac dung dich ran, xay dung lai mang ludi
tinh thé néu c6 qua trinh chuyén dang thu hinh, khuéch tan cac ion, két khéi, tai
két tinh lai va phan mg tuong tac giira cac chat ban dau. Nhin chung dong hoc
ctia phan ang phu thudc vao nhiéu yéu té khac nhau, cu thé ta xét cac yéu té nhu

Sau:

Bé mat tiép xUc gitra cac chat phan @ng: mot phan @ng héa hoc xay ra véi
tbc d6 16n hay nhé 1a tuy thuoc vao dién tich tiép xdc bé mat cua hai cau tar tham
gia phan ung, néu bé mat cang 16n thi téc d6 phan ung dién ra cang nhanh. Vi vay
trong thuc té san xuat chit mau cho men gém ngudi ta thudng nghién cac cau tir
that min trude khi nung dé tang dién tich tiép xdc gitta cac pha, d6 1a cac phuong

phap c6 dién.

Trong thyc té ngay nay phuong phap khuéch tan chat phan ung vao voi
nhau dé ting hon nira téc do phan tng va ha nhiét d6 nung cac phuong phap
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thuong dung 1a: khuéch tan pha rin vao pha long roi mai tién hanh két taa hai pha
ran tha hai, hay 13 phuong phap dong két taa, phuong phap tao phtic, phuong
phap két tinh dudi dang dung dich ran rdi tién hanh phan hay nhiét.

Hoat tinh cua chat phan Gng: cong nghé san xuit goém st thudng ngudi ta
dua vao cac chat c6 hoat tinh phan @ng 12 manh nhét, cac chét @6 1a cac oxit moi
sinh trong khi nung & nhiét do cao, 1a cac hydroxit hay cac mudi dua vao c6 kha

nang phan huay tao ra oxit tét khi c6 nhiét d6 cao.

Nhiét d6 nung, thoi gian luu hdn hop ¢ nhiét d6 t6i da: phan tng hoa hoc
dién ra véi dong hoc cua ching ty 1& vai thoi gian phan tng, san pham thu dwoc
la mot ham ty 1é dong bién véi thoi gian, vé mat nhiét dé nung thi san pham thu
dugc véi van toc ting néu nhiét d6 nung cang ting do nhiét do cang cao thi kha
nang chuyén dong nhiét cang nhanh cho nén ching khuéch tan cang dé dang, cho
nén thoi gian luu o nhiét d6 tdi da c6 ¥ nghia quyét dinh dén hiéu suat thu hoi san

pham. Do d6 cuong d6 mau ciing tiry thudc vao thoi gian nung va nhiét ¢ nung.

1.4.2. Vai tro ciia chat khoang hoa

Chat khoang hoa lam tang tc d6 ciia phan (ng tong hop chat mau gém sir
do khi, chiing bién thanh trang thai long o nhiét do thap c6 do nhét thap cho nén
téc do khuéch tan cao do d6 cac chat dé dang tham gia phan tmg dwoc véi nhau,
trong cdng nghiép ngay nay thi chat khoang hoa hay dung nhat 1a cac hop chat
cua Bo, Flo, ca&c mudi cua kim loai kiém. Theo quan diém hién dai thi chat
khoang hoa c6 tac dung lam chat x(c tac cho phan (ng ¢ khoang nhiét d6 T, 1a
diém bat dau hinh thanh thé long khi c6 chat khoang hoa va nhiét do T, 1a diém
bat dau hinh thanh pha long khi khéng c6 chat khoang héa. Mot cach tong quét

thi chat khoang hoa c6 cac vai tro sau:

Thuc day qua trinh chuyén d6i thu hinh, phan hay khoang cua cac nguyén

liéu ban dau lam tiang kha ning khuéch tan cua cac chat phan ang.

29



Lam ting kha ning két tinh cta pha tinh thé méi tao thanh khi nung, 1am
tang ham lugng hay kich thudc ctia né nhu ham lugng caa 3Al,03.2Si0, trong
sir s& tang khi c6 miat cac chat TiO,, ZnO, BaO, MnO,...

Vai trd chinh cua chit khoang hoa 1a cai thién tinh chat hoa Ii cua san
pham phan ng sinh ra, ha thap nhiét d6 nung can thiét khi ta tim dung chat

khoéng hoa véi ham lugng thém vao tdi uu.

1.4.3. Phan &ng giira cac chét rin va co ché cia phéan rng khuéch tan

Trong héa hoc tir truée dén nay ta thudng gap cac phan ung xay ra trong
moi truong long, khi véi kha nang linh dong rat cao va nd xay ra véi toc do cuc
I6n néi chung 1a I6n hon trong pha ran. Phan tng héa hoc dién ra trong pha ran
lai rat phtc tap ching thuong xay ra nhiéu giai doan khac nhau, chiing chi xay ra
& CAc Vi tri ndt mang va kha niang linh dong 1a rat kém cha yéu gdm hai giai doan

sau:

Giai doan tao mam tinh thé: su tao mam tinh thé 1a su dut gdy mot s lién
két cii tao ra mot sd lién két méi, khi hai chat ran tiép xGc véi nhau thi ching
phan bé lai mang ludi tinh thé khi da bi dat gdy cau tric cil. Su dut gay cau tric
mang ludi tinh thé nay doi héi mot nang luong 16n do d6 chung chi xay ra ¢ nhiét
d6 cao thi ching méi co6 du dong ning chuyén dong nhiét can thiét dé pha v cau

trac.

Giai doan phat trién mam tinh thé: qua trinh phat trien mam 1a mot qua
trinh 16n 1én cua tinh thé, qua cac bé mit tiép xuc cac hat ion khuéch tan vao sau
bén trong mang ludi tinh thé cua nhau. Khi cac hat ion khuéch tan cang sau vao
bén trong thi ching xay ra vai téc d6 cham lai do d6 nhét qué cao khi vao trong

mang ludi.
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1.5. Mang tinh thé nén [5][7]

1.5.1. C4c loai tinh thé nén dung trong téng hep mau cho gém sir

Mau trong men gém ban chat ching la cac loai khoang tu nhién hay nhan

tao c6 mang ludi tinh thé, bén mau, bén nhiét cao, khéng tan hoic it tan trong

men néng chay, bén véi tac dung ctia méi truedng xam thuc.

Bdng 1.3. Mgt sé mang tinh thé thiong gap

Mang tinh thé Cong thuc it d@onéng Chi sb khiic xa
chay ("C)

Spinel ZnFe,0, 1930 1,8
Corundum Al,O; 2050 2,0
Cordierite 2MgO0.2Al,03.5Si0, 1400 1,5

Zircon ZrSi0, 1750 1,9

Badelit Zr0O, 2700 2,2

Sphen Ca0.Al,03.Si0, 1250 1,7
Silimanit Al,03.Si0, 1750 1,9

C4c tinh thé ban than chang 1a khdng c¢6 mau cho nén khi muén tao ra

chdng can phai dua cac ion ¢6 mau vao trong mang lugi tinh thé cua ching bang

cac phan ¢ng pha ran. Khi duoc dua vao trong mang lu6i tinh thé thi do tac dong

cta trudng tinh thé nén cau trdc caa 16p vo dién tir cac ion sinh mau bj bién dang,

suy bién vé nang luong ¢ mot sé 16p dién tir trong ion giam so véi trang thai tu

do. Cho nén céc ion c6 kha nang hap thu chon loc nhitng budc séng trong ving

kha kién xac dinh nén gay mau trong tinh thé nén.
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I.5.2. Cac phwong phap tong hop [9] [10]
Phwong phap gém truyén théng

Spinel thudng dugc téng hop bing phwong phap gbm truyén théng: l1a
phuong phap thyc hién phan @ng giita cac pha ran 1a hdn hop cac oxit, hydroxit,
mubi ¢ nhiét 6 cao. Nguyén liéu duoc tron véi nhau theo mét ty 18 nhat dinh va
cling co thé c6 c&c chat khoang hoa dé thic day phan tng xay ra hay ha nhiét do
nung. lon sinh mau c6 thé & trong tinh thé nén dudi dang dung dich rin xam
nhap, dung dich ran thay thé hay ton tai dudi dang tap chat trong tinh thé nén.
Nhiét d6 nung phéi liéu khoang 1000 — 1300°C.

Tbc @6 phan ang phu thudc vao nhiéu yéu té: kich thudc hat, nhiét do

nung, thai gian nung, thoi gian luu, nguyén liéu ban dau, bé mat tiép xdc.

Phuong phap gdm truyén thdng 1a phuong phap phd bién, sir dung cong
nghé don gian nhung van con nhiéu han ché: tiéu ton nang luong nghién Ion,

nhiét do cao, thoi gian phan ung lau.

Dé khic phuc cac nhugce diém trén, nhidu phuong phap khac di dwoc
nghién ciru va dua vao tng dung nhu: phuong phap sol — gel, phuong phap dong

két tua, phuong phap khuéch tan ran — long, phuong phap dong tao phic. ..
Phwong phap khuéch tan rin — léng

Theo phuong phap nay thi qué trinh tron phdi liéu s& dugc thuc hién trong
dung dich. Céc hat pha ran 1a ZnO (Fe,03) dugc nghién min, sau d6 phan tan vao
trong pha léng 1a dung dich mudi Fe** (hay dung dich Zn®*), tién hanh két tua
bang cac tac nhan két tua thich hop dé tao cac hop chat d& bi phan hay nhu
hydroxit, cacbonat, oxalate...Khi dé két tua s& bao quanh cac hat nguyén liéu va

nho d6 s& tang dién tich tiép xuc. Sau d6 loc 14y két tia, dem sy, nung.
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Do d6 phuong phap nay ha thap nhiét d6 nung so voi phuong phap gém
truyén thong. Tuy nhién nhugc diém 16n nhat cia phuong phap khuéch tan ran —

long 12 rat khé khin trong viéec dam bao ty 1& hop thirc caa san pham.
Phwong phap dong két taa

Cac ion s& duoc két taa dong thoi trong mot dung dich bang mét tac nhan
két taa thich hop. Vi du dé tdng hop ZnFe,0, c6 thé di tir dung dich Fe**, zn?*
roi két tua ddng thoi bang tac nhan thich hop nhu dung dich NH; tao Zn(OH), va
Fe(OH); sao cho két taa thu duoc cd ty 1é mol Zn/Fe dung nhu trong ZnFe,0,.
Sau d6 tién hanh sdy va nung két taa sé thu dugc cac oxit ZnO, Fe,03 c6 muc do
phan tan cao. Uu diém cua phuong phap nay 1a do cac hat oxit duoc tron dong
déu va cip hat nho nén phan (ng pha rian xay ra thuan loi, nhiét do phan ang thap
hon nhiéu so véi hai phwong phép trén. Tuy nhién, nhuwoce diém I6n nhat 1a khé
thuc hién qua trinh dong két tua do Zn(OH), va Fe(OH); c6 tich sé tan khéc

nhau.
Phwong phap sol —gel

Dua trén su thuy phan cac hop chét co kim thuong 1a céc ankoxit kim loai
M(OR), trong d6 R 1a gbc ankyl. Theo phuong phap nay co thé tong hop duoc
nhitng vat liéu siéu min ¢& micromet, nanomet...Vi thé mic d6 tiép xuc gitta cac
cau tir phan ng 1a rat cao 1am cho nhiét d6 phan tng pha ran thap hon nhiéu so
Vo1 cadc phuong phap khac. Tuy nhién phuong phép nay c6 gia thanh cao do

nguyén liéu dau 1a ankoxit dat tién déng thoi qué trinh tong hop phuc tap.
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CHUONG II: POI TUQNG, NOI DUNG VA
PHUONG PHAP NGHIEN CUU

I1.1. Pdi twong nghién ciru

Chat mau gém st 12 van dé& rat duoc quan tdm vi né gép mét phan quan
trong d6i Vi su phét trién cua nganh gém st & nudc ta hién nay. Nhiéu cong
trinh nghién ciru vé chat mau da duoc tién hanh va cho ra san pham chat mau bén

mau, bén nhiét, bén co...

Chéat mau duoc khao sat, tong hop trong nhiéu diéu kién khac nhau nhu
nén tinh thé, nguyén liéu du, nhiét d6 nung, thoi gian luu...tao ra nhiéu san

phdm mau phong phu va da dang.

Muyc tiéu cua khoa luan 1a nghién ciru téng hop chat mau nau ding cho
gém s trén nén spinel ZnFe,0,4 véi cac phuong phap khac nhau: phwong phap

gdm truyén thdng, phuong phép sol — gel.

I1.2. N§i dung nghién ciru

Khoa luan nay nghién ctu su hinh thanh nén tinh thé spinel ZnFe,0, bing
phuong phap gdm truyén théng va phwong phap sol — gel, thay thé mot phan Fe*
bang Cr**. Tir d6 tién hanh danh gi4 kha ning phat mau cta san phim, dua vao

ring dung chat mau cho gém st.
Noi dung khoa luan:

—  Khao sét qué trinh tong hop chat mau nau trén nén tinh thé spinel bang hai

phuong phap gbm truyén théng va phuong phép sol - gel.

— Khao sét qua trinh thay thé ddng hinh mét phan ion Fe®*" bang ion Cr**
trong nén tinh thé spinel dé tao mau nau theo céac ty 1¢é khac nhau
ZnCryFes004.
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— Khao sét qué trinh thém nguyén té Zr vao nén tinh thé spinel. Khao sét cac
yéu t6 anh huong dén kha ning phat mau cta san pham: khéi luong mau,
men va chit phu gia (CMC, STPP)

I1.3. Phuwong phap nghién ciru [9][12]

IL.3.1. Phwong phap tong hep bét mau

Trong khoa luan nay, ching toi tién hanh tong hop nén tinh thé spinel bang
hai phuong phap 1a phuong phap gém truyén théng va phuwong phap sol — gel.
Sau khi tong hop dugc nén tinh thé ching tdi thay thé cac nguyén té6 gay mau
khac vao nén tinh thé dé tao bot mau. Bot mau duoc trang men va nung trong

nhitng diéu kién khac nhau dé khao sat cac yéu té anh huong dén chat luong mau.

11.3.2. Phwong phap phan tich nhiét

Phan tich nhiét 1a phuong phap phan tich ma trong d6 cac tinh chét vat ly
ciing nhu hoa hoc cua mau duoc do mot cach lién tuc nhu nhitng ham caa nhiét
d6, nhiét do & day thay d6i cd quy luat duoc dinh sin (thong thuong thay doi
tuyén tinh theo thoi gian). Trén co s& ly thuyét vé nhiét dong hoc, tir sy thay doi
c4c tinh chét d6 ta co thé xac dinh duoc cac thong sb yéu cau cua viéc phan tich.

Cac tinh chat duoc xac dinh bao gdm: nhiét do chuyén pha, khdi luong
mat di, ning luong chuyén pha, bién doi vé kich thudc, ung suat, tinh chat nhon,
dan hoi. Cac thong tin co ban ma phuong phap nay mang lai cho ching ta la rat
quan trong ddi véi viéc nghién ciru va phét trién mot loai san pham.

C6 rat nhiéu phuong phap phan tich nhiét khac nhau, trong khoa luan st
dung ba phuong phap:

— Phén tich nhiét vi sai (DTA: differential thermal analysis): 1a phuong phap
phan tich nhiét duwa trén viéc thay doi nhiét do cua mau do va mau chuan
dugc xem nhu 1a mot ham cua nhiét dd mau.

— Nhiét lugng quét vi sai (DSC: differential scanning calorimetry): la

phuong phap dé xac dinh sy bién doi cua dong nhiét truyén qua mau.
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11.3.3.

nhanh,

Phan tich khéi luong nhiét (TGA: thermogravimetry analysis): 12 phwong
phap ding dé xac dinh su thay ddi khdi luong. Thuong trong maot thiét bi
phan tich nhiét nguoi ta sir dung cap TGA — DTA hay TGA - DSC. Do
chiing t6i giri mau & hai phong thi nghiém khac nhau nén co hai loai gian
d6 phan tich nhiét khac nhau trong khoa luan.

Phén tich nhiét dung dé xac dinh:
Do tinh khiét chét.
Do bén nhiét cua chat.

CA4c qua trinh xay ra trong hé (qué trinh mit nude, két tinh, chuyén pha,
céc phan mg hoa hoc xay ra...), ghi nhan cac hiéu ung nhiét va thay doi
khéi lwong ctia miu nguyén ctru & cac nhiét do dé xac dinh nhiét do nung

so bo va nhiét d6 nung thiéu két.

Phwong phap nhiéu xa tia X ( XRD)

Phuong phap nay dung dé xac dinh thanh phan pha cia san pham

Phuong phap phan tich nhiéu xa tia X 1& mét trong nhitng phuong phap

chinh xac céc pha tinh thé cua mau. Phuong phap nay dua trén nguyén tic

ghi gian do nhidu xa tia X (Xray diffraction) vat liéu c6 cau tric tinh thé, theo

phuong trinh Bragg:

2dhk| .8inf = n\

Trong do:

dra: kKhoang céch giita cac mat phang mang tinh thé tuong (ng voi cac chi

sd Miller 1a h, k, 1.

0: goc tao boi tia téi va mat phang mang.
A: budc séng cua tia X.
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n: 1 s6 bac phan xa trong thuc nghiém thi ngudi ta chon n =1.

Gian d6 nhiéu xa tia X cho phép xac dinh céc pha cau trdc tinh thé ma cac
chi sé h, k, | cho mdi dinh nhidu xa. Do d6 xac dinh duoc ciu trdc tinh thé,

khoang cach giira cac mit tinh thé hoc va hang sé mang.

Dya vao nguyén tic trén, moét mau duoc xac dinh thanh phan pha bang
cach tién hanh ghi gian d6 nhiu xa tia X. Sau d0, so sanh cac cap gia tri d, 6 cua

c4c chat da biét cu trdc tinh thé trong séch tra ciru ASTM hoic trong Atlat phé.

I1.3.4. Phuwong phap so mau
San pham sau khi diéu ché duoc kiém tra kha ning phat mau trong men,
qua quan sat truc tiép mau sac chat lwong mat men dé danh gia chat luong san

pham mau téng hop dwoc so v&i mau men chuan.

I1.4. Dung cu héa chat va thiét bi

Dung cu
Can k3 thuat.
Chay céi str, coc thuy tinh, co quét mau.
Bép dién.

Thiét b

Lo nung Wise Therm 1000°C va ta siy phong thi nghiém Héa Ly, Trudng
bai hoc Su pham.

Lo nung Controller B170 1200°C phong thi nghiém Bd mén Cong nghé

Vo6 co, Khoa Hoa, Truong Dai hoc Bach khoa

Thiét bi phan tich nhiét: Labsys Setaram, Vién K§ thuat, B6 Cong an, Ha
bong, Ha Noi hay Khoa Hoa, Pai hoc Su pham Ha Noi.
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Thiét bi nhiu xa tia X: XRD D8 Advance, Vién Khoa hoc va Céng nghé,
S6 1, Mac Dinh Chi, Quéan 1, Tp. H6 Chi Minh

Héa chat
Oxit: ZnO, Cr,03, Fe,04, ZrO,.
Axit: CH;COOH 0,2M.
Mubi: Fe(NO3)3.9H,0, Zn(CH;C0O0),.2H,0.

Men trong, xuong gom.
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CHUONG III: THUC NGHIEM VA THAO LUAN

I11.1. Tong hop chét nén spinel bang phwong phap gém truyén théng

I11.1.1. Tong hop chit nén spinel
Quy trinh téng hop nhu sau:

Phoi liéu Bot mau
l A
Nghién, trén Nghién min
l F 3
Nung so bo Nung thiéu két
l Y
Nghién min »| Ep vién day Smm

Hinh 3.1. Quy trinh téng hop ZnFe,0, bdng phirong phdp gom truyén
thong

% Tao hé spinel ZnFe,O,
Phuong trinh phan ng:
Zn0 + Fe,03 — ZnFe,04

Chuan bj phéi liéu tir cac nguyén liéu 1a cac oxit: ZnO, Fe,0s.

Tién hanh chuan bi phdi liéu tao pha spinel di tir cAc nguyén liéu sao cho
ty 1& vé s6 mol ZnO/Fe, 05 1a 1:1 (dang véi ty 1& hop thic caa spinel).

Dé khao st qué trinh chuyén héa xay ra khi nung nham tim nhiét d6 nung
so bo va nhiét do nung thiéu két tao pha spinel phu hop. Ching t6i ghi gian do

phan tich nhiét. Gian d6 phan tich nhiét duoc ghi trén may Labsys Setaram, Khoa
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Hoa, Dai hoc Su pham Ha Noi véi tde do nang nhiét 10°C/phat, nhiét dé nung
cuc dai la 1200°C. Két qua duoc trinh bay & Hinh 3.2.
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0.00- e - Smmmaeme e s Y o
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110.00~
- 60.00
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100.00- e —— N - a0.00
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- 20.00
90.00-
T 752486
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939.19C
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Temp [C]
File Name: ZFO tad [Temp Program]
Detector. DTG-60H Temp Rate Hold Temp Hold Time
Acquisition Date 12/09/25 [C/min | [c ] [ min ]
Sample Weight: 11.752[ma] 10.00 12000 0
Annotation: ’ ’

Hinh 3.2. Gidn do TGA - DTG cua mau spinel ZnFe,0,4

Do hén hop dau la cac oxit khan nén khong cé hién twong mat khéi luong
khi gia nhiét. Bidu nay thé hién rd trén gian d phan tich nhiét: duong TGA va
DTG nam ngang & 252°C va 939°C c6 pic chuyén pha nén chon nhiét d6 nung so
bo mau bot & khoang nhiét @6 600°C va thoi gian luu khoang 1 gio va nhiét do
nung thiéu két 12 1000°C hay 1200°C v4i thoi gian luwu 1a 3 gio.

% Khao sat sy anh hwéng cia nhiét dé nung dén sw hinh thanh pha
spinel

Pé khao sat anh huong cua nhiét d6 nung dén su hinh thanh pha spinel,

chdng t6i tién hanh nung cac mau ¢ cac nhiét d6 1000°C, 1200°C trong 3 gio, toc

d6 nang nhiét 1a 10°C/phdt trong 16 nung Wise Therm, phong thi nghiém Héa Ly,
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Truong Dai hoc Su pham va 1200°C trong 10 nung B& mén Cong nghé Vo co,
Khoa Héa, Trudng DPai hoc Bach khoa. Bot mau nau dugc dem phan tich nhiéu
xa tia X. Két qua duoc trinh bay & Hinh 3.3 va Hinh 3.4.

Zinc Iron Oxide
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Hinh 3.3. Gidn do nhiéu xg tia X ciia mau spinel ZnFe,0, 1000 3

Zinc Iron Oxide
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Hinh 3.4. Gidn do nhiéu xq tia X ciia mdu spinel ZnFe,0, 1200 3
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Két qua XRD cho thay: cAc miu déu di hinh thanh spinel don pha nhung

cudng do pic nhiéu xa cia mau ZnFe,04 1000 3 cao hon. C6 I8 do & 1000°C

pha spinel da hinh thanh va viéc luu tinh thé ¢ nhiét d6 cao (1200°C, 3 gio) lam

tinh thé bi qué nhiét, mac do hoan chinh giam.

Vay ta chon nhiét d6 nung thiéu két thich hop dé tong hop spinel theo

phuong phap gbm truyén théng 1a 1000°C.

111.1.2. Téng hop chit mau niu bing cach thay thé Cr®* cho Fe**

Dé téng hop chit mau nau chang toi thir thay thé mot phan Fe** bang Cr®”.
g hop g y p g

Nguyén liéu dau 1a cac oxit Cr,03, ZnO, Fe,03 phdi tron theo ty 1& hop thirc

dudi day.

Bdng 3.1. Cong thirc hop thirc cua hé spinel mang mau ndu.

Ki hiéu mau X Cong thuc spinel
Cry 0,1 ZnCrg,Fe 504
Cr, 0,2 ZnCrq4Fe 160,
Cr; 0,3 ZnCryeFe; 404
Cry 0,4 ZnCrqgFe 1,0,
Crs 0,5 ZnCryoFe 00,

Bdng 3.2. Thanh phan phéi liéu ciia cdc mau tir Cry dén Crs.

Ki hiéu Khoi luong nguyén liéu (g)
x NFe203 Ncr2o3 Nzno
mau Fe,O3 Cr,03 Zn0O
Cry 0,09 0,01 0,1 14,4 1,52 8,1
Cr, 0,08 0,02 0,1 12,8 3,04 8,1
Crs 0,07 0,03 0,1 11,2 4,56 8,1
Cry 0,06 0,04 0,1 9,60 6,08 8,1
Crs 0,05 0,05 0,1 8,00 7,60 8,1
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Quy trinh téng hop chat mau nau twong ty quy trinh tong hop spinel

Dé khao st qué trinh chuyén héa xay ra khi nung nham tim nhiét d6 nung
so bo va nhiét @6 nung thiéu két tao chat mau phi hop. Ching tdi ghi gian do
phan tich nhiét cua mau dai dién 12 mau Crs. Gian dd phan tich nhiét duoc ghi
trén may Labsys Setaram, Khoa Hoa, Pai hoc Su pham Ha Noi vai téc do nhiét
10°C/phl]t, nhiét @6 nung cuc dai la 1200°C. Két gua duoc trinh bay ¢ Hinh 3.5.

DrTGA TGA DTA
mg/min % uy
I | 4 100.00
S S———
N \.“ i ™, [ r— |
L 165.08C 349.76C
— 80.00
- 60.00
10000~
TS WeightLoss |  -0.771mg
T -7.082%
.00 r T Weight Loss -1.165mg -] 40.00
\ -10.701% Weight Loss -0.083mg
— -0.762%
80.00- T . -{ 20.00
- _.-"_- B __"'---._\‘ .".\1\ - 0.00
56 350370 I
167.72C I
60.00- ik
-2 .00 — -20.00
C 1 L L L L 1 L L L L 1
0.00 500.00 1000.00
Temp [C]
File Name: ZCr0_6F1_40 tad [Temp Program]
Detector: DTG-60H Temp Rate Hold Temp Hold Time
Acquisition Date 12/09/26 omnl e Cmin g
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Hinh 3.5. Gidn do phan tich nhiét ciia mdu Cr

Két qua phan tich nhiét ching t6i thay gian d6 nhiét caa mau Cr; c6 ba
hiéu tng mat khéi luong & 57°C, 168°C va & 350°C véi téng % mét khéi luong &
ca ba hiéu ung la 18,544%. Ta dy doan day 1a sy mat nudc két tinh cua
Cr,03.xH,0 (vi oxit crdm hat am manh). Tir khoang nhiét d6 600°C theo DTG
khong con su mat khéi lwgng nén ching toi chon nhiét dé nung so bd mau bot ¢

khoang nhiét do 600°C, thoi gian luu khoang 1 gid, va nhiét do nung thiéu két 1a
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1000°C hoic 1200°C véi thoi gian luwu 13 3 gid. San phdm sau nung dugc ghi phd
XRD.

Lin (Cps)

Ki hiéu cia cac san pham nung nhu sau:
— MA&u nung ¢ 1000°C: ZC06F1401000_3
— Mau nung ¢ 1200°C: ZC06F1401200 3

Két qua XRD duoc trinh bay & Hinh 3.6 va Hinh 3.7.
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Hinh 3.6. Gidn do nhiéu xg tia X ciia mau Cr; 1000 3
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Zinc Iron Oxide
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Hinh 3.7. Gidn do nhiéu xg tia X ciia mau Cr; 1200 3

Nhan xét: ca hai mau déu la spinel don pha, nhung & miu Cr; 1000_3 do minh
dwa nguyén t6 Cr** vao thay cho Fe** nén kich thudc té bao mang a thay ddi dan
t6i d thay d6i so véi pic chuan nén pic hoi 1éch khoi vi tri cia pic chuan. Nhu

vay, & 1000°C pha spinel lap phuong da hinh thanh.

Tuong tu trudng hop trén, pic nhiéu xa cia mau nung ¢ 1200°C c6 cudng
d6 thap vi viéc luu tinh thé & nhiét do cao lam tinh thé bi qua nhiét, mac d6 hoan
chinh giam.

Trén gian d6 khong thiy pic caa Cr nghia 1a Cr d3 chui vao mang tinh thé

spinel tao dung dich ran.

Két qua trén phi hop véi két qua nhan dinh ban dau cua qué trinh tong hop
spinel. Vi vay, chiing t6i chon nhiét do nung bot mau ¢ 1000°C.
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% San pham bét mau nau:

Mau ZnFe,0y4 Mau Cryg

MAu Cr, MAu Crj

Mau Cry MAau Crsg
Hinh 3.8. San phdm bét mau nau nung ¢ 1000°C, Leu 3 gior
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Nhan xét: qua ddy mau téng hop duoc bang mét thuong ching téi nhan
thdy tir cudng do mau cta cac mau ting dan theo tha tu thay d6i s6 mol crom,

cuong d6 mau thay d6i tir mau nau nhat dén mau nau dam hon.

111.1.3. Thém Zr vao hé spinel ZnFe,O,
Sau khi téng hop duoc chat nén ZnFe,0, bang phuong phap gom truyén
thdng, ching toi tién hanh dwa thém nguyén té Zr dudi dang ZrO, vao dé khao

sat su thay d6i mau khi thém Zr.

Bdng 3.3. Thanh phan phéi liéu ciia cde mau thém Zr vao hé spinel ZnFe,0,

) Khéi luong nguyén liéu (g)
Kihi€umau | nNeeoos Nzno Nzro2

Fe,O3 Zn0O Zr0O,

Zryo1ZnFe,0y 0,1 0,1 0,001 16 8,1 0,123

Zry,ZnFe, 0y 0,1 0,1 0,01 16 8,1 1,23

Quy trinh téng hop twong tu quy trinh tong hop spinel.

Pé khao sét qué trinh chuyén hoa xay ra khi nung nham tim nhiét d6 nung
so bo va nhiét dd nung thiéu két tao pha spinel phu hop. Ching t6i ghi gian do
phan tich nhiét. Gian d6 phan tich nhiét dwuoc ghi trén may Labsys Setaram, Vién
K§ thuat, Bo Cong an, Ha DPong, Ha Noi véi tdc dd nang nhiét 10°C/phat, nhiét
d6 nung cuc dai 1a 1200°C. Két qua duoc trinh bay ¢ Hinh 3.9 va Hinh 3.10.
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Hinh 3.9. Gidn d6 TGA-DSC cua mau Zrg o, ZnFe, 0,
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Hinh 3.10. Gidn dé DTG cua mau Zrgo1ZnFe, 04
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Tur két qua phan tich & Hinh 3.9 va Hinh 3.10 ching t6i nhan thy: phan
tram mat khdi lwong trén gian d6 nhiét cua hdn hop nguyén liéu dau
ZroZnFe,0, la rat nhé. Gian d6 nhigt cua hdn hop nguyén ligu dau
ZroZnFe,04 6 hidu tng mat khéi lugng & 100°C véi % mat khéi luong cua

hiéu ting 14 6,176%. Ta du doan day 1a hiéu (ng cua su mat nudc.

Trén 100°C thi khong con hiéu wng mat khéi luong ndo va mau én dinh,
chon nhiét d6 nung so bd & 600°C, thoi gian luu 1a 1 gio va nung thiéu két o
1000°C va thoi gian luu 1a 3 gio.

% San pham bét mau nau:

MAau Zr,y, ZnFe,0, MAau Zr,,ZnFe,0,

Hinh 3.11. San phdam bgt mau nau thu duwoc khi thém Zr vao hé spinel ZnFe,0,
I11.2. Panh gia kha ning phat mau ciia san phim

[11.2.1. Téng hop chit mau niu bing cach thay thé Cr®* cho Fe**

Pé danh gia kha nang st dung cia chat mau tong hop dugc, ching toi tién
hanh nhiing men bang phwong phap thi cong. Ching tdi st dung men trong, dang
long & cira hang Bét Trang (Bat Trang Moment, 53/104 Tran Khanh Du, Phudng
Tan Dinh, Quan 1, Tp H6 Chi Minh).
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Xuong gdém duoc 1am tir dat sét ¢ ctra hang Bat Trang. DAt sét mua vé
duoc nhao k¥ rdi nan thanh khdi vudng nho, sau d6 nung so bd & 800°C trong 1
gio.

Tién hanh trang men bang cach quét mau bang co, mau trang tri 1a mau

trong men.

Xuong gbm duoc nung véi men trong (khong pha mau) dé 1am co sé so

sanh

Hinh 3.12. Men trong

San pham sau nung c6 bé mat nhan bong, dong déu.

Chdng toi tién hanh lay 0,25 g chit mau + 5 ml men (Bét Trang). Trang
men mau lén nén dat sét, nung & 1200°C trong 2 gid, tbc do nang nhiét 10°C/phdit,
o 10 nung B6 mén Cong nghé Vo6 co, Khoa Hoa, Truong Pai hoc Bach khoa Tp
Ho Chi Minh. San pham thu duoc trinh bay & Hinh 3.13.
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Mau ZnFe,0y Mau Cry

Mau Cr, Mau Crs

Hinh 3.13. Bé mat men cia hén hgp men mau: 0,25 g mau + 5 ml men
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Nhan xét:

Mau trén vién gach nhat va phan tan chua déu do lugng mau qué it va men

sir dung cd thé hoa tan chwa tot mau. B& mat men twong déi béng nhan.

So sanh cac ddy mau thu duoc & trén, ta chon duoc hai mau dep nhat trong
day 1a ZnCrq 4Fe; 04, ZNCry oFe, ;0,4 dé ghi XRD mau bot.

Két qua duoc trinh bay ¢ Hinh 3.14 va Hinh 3.15.
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Hinh 3.14. Gidn do nhiéu xq tia X ciia mau ZnCrg 4Fe; 60,
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Iron Zinc Oxide
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Hinh 3.15. Gidn do nhiéu xq tia X ciia ZnCry gFe; 0,
Nhan xét:

Thanh phan pha tinh thé cia cac mau bot déu cha yéu 1a spinel don pha.
Trén gian db khong thay xuét hién cac pic nhiéu xa dic trung cta cac pha c6 chua
crom. Diéu d6 ching to ¢ thé luong crdm bd sung vao nguyén lidu ban dau da di
vao mang ludi tinh thé spinel. Nhu vay, khi crém thay thé cho sat di vao bén
trong mang ludi cua spinel hoan toan thi chat mau s& c6 mau sic on dinh, c6 do

bén nhiét cao va bén véi cac tac nhan hda hoc.

111.2.2. Thém Zr vao hé¢ spinel ZnFe,O,

Chdng tdi tién hanh lay 0,25 g chit mau + 5 ml men (Bét Trang). Trang
men mau lén nén dat sét, nung & 1200°C trong 2 gid, tbc do nang nhiét 10°C/phdit,
o 10 nung B6 mén Cong nghé Vo6 co, Khoa Hoa, Truong Pai hoc Bach khoa Tp
Ho Chi Minh. San pham thu duoc trinh bay & Hinh 3.16.
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Mau Zrovlanezo4 Mau Zr0101an6204

Hinh 3.16. Bé mat men cia hén hgp men mau: 0,25 g mau + 5 ml men
Nhan xét:

Cac mau nung mau nhat, men chay, bé mit bong nhung mau phéin tan
chua déu, con nhiéu hat li ti trén bé mat. Khi thém nguyén té Zr vao thi mau sac

khong duoc cai thién

Theo két qua thu dugc & trén ta thiy khi cho thém 1% hay 10% ZrO, thi
mau sic giira hai ty 18 trén khong khac nhau nhiéu nén chon ty & 1% dung dé

khao sat tiép.
Két luan

Sau khi trang mau tat ca cac mau clng véi két qua phan tich nhiét va nhiéu

xa tia X ta chon dwgc ba mau dé tiép tuc khao sat gom:

Bdang 3.4. Ki hiéu cac mdu dwoc chon

Ki hiéu mau Cong thuc
M, ZnCry 4Fe; §0,4-1000°C, 3h
M, ZnCry oFe;,04-1000°C, 3h
M, Zry01ZNnFe,04-1000°C, 3h
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111.2.3. Khio sat anh hwéng lwong men, mau dén kha niing phat mau

Dé khao sét sy anh hudng lwong men, mau dén kha niang phat mau, chung
t6i tién hanh khao sat dwa mau vao men véi 0,5 g mau trong 2 ml, 5 ml men va 1
g mau trong 2 ml, 5 ml men. T4t ca cAc mau sau khi trang duoc nung & 1200°C
trong 2 gio, toc do nang nhiét 10°C/phdt, trong 16 nung B mén Céng nghé Vo
co, Khoa Hda, Trudong Dai hoc Béach khoa. San pham thu duoc trinh bay ¢ Hinh

3.17.

Hinh anh bé mat men caa hdn hop men mau 0,5 g mau + 2 ml men

Mau M, Mau M, Mau M,

Hinh anh bé mat men caa hdn hop men mau 0,5 g mau + 5 ml men

Mau M, Mau M, Mau M,
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Hinh anh bé mat men caa hdn hop men mau 1,0 g mau + 2 ml men

e 0

Mau M, Mau M, Mau M

Hinh anh bé mat men caa hdn hop men mau 1,0 g mau + 5 ml men

Mau M, Mau M, Mau M

Hinh 3.17. Bé mat men cua hon hop men mau ¢ céc ty 1é men/mau khac nhau

Nhan xét: nhin chung tat ca cdc mau déu c6 mau nau, mau sic phan tan
tuong d6i déu, mau sac dam, men chay nhung bé mit chua dugc bong. O céc ty 1é
khac nhau cho cudng d6 mau dam nhat khac nhau. Mau khi cho thém nguyén té

Zr vao thi mau sic khong dugc dep bang cac mau thay thé Fe** bang Cr*.

I11.2.4. Khio sat anh hwéng chit phu gia dén kha ning phat mau
Dé khao sat sy anh hudng chat phu gia d¢én kha ning phat mau, chung toi
hoa tan 0,05 g CMC va 0,05 g STPP vao 50 ml men. Sau d6 tién hanh dua mau
vao men véi 0,5 g mau trong 2 ml, 5 ml men va 1g mau trong 2 ml, 5ml men. Tat
ca cdCc mAau sau khi trang duoc nung ¢ 1200°C trong 2 gio, téc do nang nhiét
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10°C/phdt, trong 10 nung Bo mén Cong nghé Vo co Khoa Hoa, Trudng Pai hoc
Béch khoa. San pham thu dugc trinh bay ¢ Hinh 3.18.

Hinh anh bé mat men caa hén hop men mau 0,5 g + 2 ml men

Zn/(r ¥, 0
_ 0,4 146 4 " Z'o,m > |
Mau M, Mau M, Mau M,

Hinh anh bé mat men caa hén hop men mau 0,5 g + 5 ml men

Znlr P2 Yy
'S L i

Mau M, Mau M, Mau M,

Hinh anh bé mat men caa hén hop men mau 1,0 g + 2 ml men

Mau M, Mau M, Mau M,
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Hinh anh bé mit men caa hdn hop men mau 1,0 g + 5 ml men

201

Mau M, Mau M, Mau M

Hinh 3.18. Bé mat men cua hon hop men mau ¢ céc ty 1¢ men/mau khac nhau c6

st dung thém chat phu gia
Nhan xét:

Khi cho thém chat phu gia vao thi mau sac cia san pham khong thay doi
nhiéu so vai cac mau & cung ty 1&é ma khéng st dung chat phu gia. Tuy nhién, do

bong cua san pham dugc cai thién hon nhiéu.
111.3. Tong hop chit nén spinel bang phwong phap sol — gel

111.3.1. Tong hop chét nén spinel
Quy trinh téng hop
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Khuay 60-65°C, 1h

Co can, sz’iy kho o
110°C

800°C, 2h

1000°C, 10h

Fe(NO3); 9H;0 +
30ml CH;COOH

—

h J
Dung dich trong sudt
mau do nau

-—

h 4
Dung dich sol mau dé
nau

|

Dung dich gel

—

Hén hop khé

—

ZﬂFEzo4

+ Zn(CH;C00);.2H,0

+ 50ml nuwde cit

2ml 1_2-ethandiol

Hinh 3.19. Quy trinh téng hop ZnFe,0, bang phwong phdp sol — gel

% San pham bét mau nau:

Hinh 3.20. San pham ZnFe,0, (sol-gel)

Chung t6i tién hanh ghi gian dd phan tich nhidu xa tia X mau bt mau
ZnFe,0, & trén dé xac dinh thanh phan pha. Mau duoc ghi & may XRD D8
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Advance, Vién Khoa hoc va Cong nghé, Sé 1, Mac Binh Chi, Quan 1, Tp. H6 Chi
Minh. Két qua duoc trinh bay & Hinh 3.21.

Zinf: Iron Oxide

o 12546

Lin (Cps)

@ L L L
§ d=4.85734
s d=2,95932
7 }
b d=2.43125

162446
d=1.49223

d:

d=2.11078

nn.MkaJ

-AM.IMMMJMJ\TM |

% d=1.21811

w0
2-Treta - Scale
BilFile: 2nFe2cd_ gelraw - Typer ZThiTh locked - Stan: 5.000 * - End: 30,000 % - Steps 0.030 * - Step times 0.8 - Ternp . 26 *C (Room) - Time Stared: 35 - 2-Theta: 5,000 * - Theta: 2,500+ - Chit 0,00
Bl Lekt Angle: 34,820 7 - Right Angle: 35.540 © - Left Int.: 0,11 Cps - Right Tnt.: 0,68 Qs - Obs, Max: 35,207 © - d (Obs, Max): 2 54637 - May Int.: 51,0 Cps - Met Height: 50.5 ps - PWHME 02117 - Ch
Cperations | Smooth 0,150 | Smooth 0,150 | Srip kalph a2 05 14 | Background 1.000,1,000 | Import
EU[-UT?-UUH (A - Zinc Fron Cride - ZnFe2d - ¥: 106,37 % - d x by 1, - WL 15406 - Cubic - a%,41600 - b 8.41600 - ¢ §.41600 - alpha 90,000 - bet 3 90000 - gamma 30,000 - Face-centered - Fd-3m [

Hinh 3.21. Gidn dé nhiéu xa tia X ciia ZnFe,0, dwoc tong hop bang phwong
phap sol-gel.

Nhan xét: tir két qua phan tich nhidu xa tia X & Hinh 3.21 ching tdi nhan
thiy: mau chi chira pic dic trung cua tinh thé lap phuong spinel, cudong d6 pic
nhiéu xa cao. Nhu vay ¢ 1000°C pha spinel lap phuong da hinh thanh.

I11.3.2. Panh gia kha niing phit mau ciia sian pham sol — gel

I11.3.2.1. Khio sat anh huéng nhiét dd nung dén kha ning phat mau

Dé khao sét sy anh huong nhiét do nung dén kha nang phat mau, ching toi
tién hanh khao sat dwa mau vao men véi 0,25 g; 0,5 g va 1,0 g mau trong 2 ml
men. T4t ca cac mau sau khi trang men duoc nung & 1000°C, trong 2 gio, toc do

nang nhiét 14 10°C/phut trong 16 nung Wise Therm, phong thi nghiém Héa Ly,
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Truong Pai hoc Su pham va 1200°C trong 2 gio, tc do nang nhiét 1a 10°C/phdt,
trong 10 nung B6 mén Céng nghé Vo6 co, Khoa Hoa, Truong Pai hoc Bach khoa.
San pham thu duoc trinh bay ¢ Hinh 3.22.

Mau ZnFe,0,-1000°C Mau ZnFe,0,4-1200°C

Hinh anh bé mat men caia hdn hop men mau 0,25 g + 2 ml men

Hinh anh bé mat men caa hdn hop men mau 1,0 g + 2 ml men

Wi

Hinh 3.22. Bé mat men cuia cac mau ZnFe, O, (sol-gel) ¢ cac nhiét dé va

khéi lwong men /mau khéc nhau
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Nhan xét: tir c4c san pham trang men & Hinh 3.22 chdng tdi nhan thay &
nhiét @6 1000°C men van chua chay, trén bé mat van con 16p men mau, mau chua
phan tan duoc trén bé mat. Khi nung ¢ 1200°C thi men chay, mau di phan tan
nhung chua déu, bé miat chua dugc bong nhan. Vay ta chon nhiét do nung san

pham trang men ¢ 1200°C

111.3.2.2. Khao sat anh huwéng lwgng men, mau dén kha nang phat mau cia
san pham sol-gel

Dé khao sat sy anh huong lugng men, mau dén kha nang phat mau, ching
t6i tién hanh khao sat dwa mau vao men vai 0,25 g mau trong 2 ml, 5 ml men; 0,5
g mau trong 2 ml, 5 ml men va 1 g mau trong 2 ml, 5 ml men. T4t ca c&c mau sau
khi trang dugc nung & 1200°C trong 2 gio, toc dd nang nhiét 10°C/pht, trong 10
nung Bo moén Cong nghé Vo6 co, Khoa Hoa, Truong Pai hoc Bach khoa. San
pham thu dwogc trinh bay ¢ Hinh 3.23.

Mau 0,25 g mau + 2 ml men Mau 0,25 g mau + 5 ml men

Mau 0,5 g mau + 2 ml men Mau 0,5 g mau + 5 ml men
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Mau 1,0 g mau + 2 ml men Mau 1,0 g mau + 5 ml men
Hinh 3.23. B¢ mat men mau ZnFe,0, (sol-gel) ¢ cac ty 16 men/mau khac nhau

Nhan xét: ¢ cac ty 1€ men, mau khac nhau thi cho cuong d6 mau dam nhat
khac nhau. Mau phan tan chua déu, bé mit khong duoc bong, ty 18 0,5 g mau/ 2

ml men thi mau dep hon so véi cac ty 1é khac.

111.3.2.3. Khao sat anh huéng chit phu gia (CMC, STPP) dén kha niing phat
MAu ciia sin pham sol-gel

Dé khao sat sy anh huéng chat phu gia dén kha nang phat mau, ching toi
tién hanh hoa tan 0,05 g CMC va 0,05 g STPP vao 50 ml men. Sau d6 dua mau
vao men vai 0,25 g mau trong 2 ml, 5 ml men; 0,5 g mau trong 2 ml, 5 ml men va
1 g mau trong 2 ml, 5 ml men. T4t ca c4c mau sau khi trang dwoc nung & 1200°C
trong 2 gio, toc do nang nhiét 10°C/pht, trong 10 nung B6 mén Coéng nghé Vo
co, Khoa Hoa, Truong Pai hoc Béach khoa. San pham duoc trinh bay & Hinh 3.24.

L
L,Va 2 A
] A

Crod o) Crok=opt)

Mau 0,25 g mau + 2 ml men Mau 0,25 g mau + 5 ml men
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Mau 0,5 g mau + 2 ml men Mau 0,5 g mau + 5 ml men

- } t. Aoj-" )
Crok -k l. Crok- otk
Mau 1,0 g mau + 2 ml men Mau 1,0 g mau + 25ml men

Hinh 3.24. Bé mat men cua mau ZnFe, O, (sol-gel) ¢ cac ty 1¢ men/mau khéc

nhau c6 si dung thém chat phy gia
Nhan xét:

Khi sir dung chat phu gia CMC va STPP thi mau bong hon so véi khi
khong dung, nhung moét s6 mau mau bi tap trung chinh gitra vién gach c6 thé lic

quét mau ky thuat bi sai.
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CHUONG IV: KET LUAN VA KIEN NGHI

IV.1. Két ludn
Sau qua trinh nghién ctu, khao sét tong hop chat mau nau cho gém st trén

nén tinh thé spinel chiing t6i da thu duoc nhitng két qua nhu sau:

b3 téng hop duoc pha nén tinh thé spinel ZnFe,0, bang hai
phuong phap: phuong phip gdm truyén thong va phuong
phap sol — gel.

— D3 tong hop dugc chit mau nau bing cach thay thé dong
hinh nguyén té Fe®* bang nguyén t6 Cr** & nhirng ty 1é khac

nhau & nhiét do 1000°C, trong thoi gian 3 gio.

— D4 khao sét sy khéc biét vé& cuong do mau khi thém nguyén

t6 Zr vao hé spinel.

—  Khao sat duoc mot s6 yéu to anh huong dén kha nang phat
mau nhu lugng men, mau va tac dung caa chat phu gia trong

gbém st

—  Chit mau thu dugc dat cic yéu cau caa chat mau goém st
nhu: bén mau, bén nhiét, mau sic twoi sang, bé mat bong,
nhdn & hai mau ZnCrg4Fe 504, ZnCrigFe o0, V6i ty 18
men/mau la 0,5 g mau + 5 ml men hay 1,0 g mau + 2 ml men
nung & 1200°C.

IV.2. Kién nghij
Do con nhiéu han ché vé thoi gian ciing nhu diéu kién thuc hién khoa luan
nén budc dau ching toi chi khao sat mot sé yéu té ma chua thé nghién cau, khao

sat hét tit ca yéu té anh hudng trong qua trinh tdng hop chat mau nau trén nén
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tinh thé spinel ZnFe,0,. Vi vay, ching tdi xin kién nghi mét sé6 hudng nghién

ctru tiép theo nhur:

—  Nghién ctu téng hop spinel ZnFe,0O, bang cac phuong phap khac
nhu: phuwong phap déng két taa, phuong phap khuéch tan rin
long... nham c6 thé 1am giam nhiét d6 nung ciing nhu cap hat chat

mau...

—  Nghién ciu tdng hop chat mau nau trén cac nén tinh thé khac ngoai

spinel nhu mulltie.

—  Khao sat mot s6 yéu té anh huong dén qua trinh danh gia kha ning
phat mau nhu: thay d6i nhiéu ty 1& men, mau khac nhau, nhiét do
nung & 1100°C, 1200°C, 1300°C va thoi gian luu 1 gio, 3 gio.

—  Ngoai nguyén té Zr duoc thém vao hé spinel, khao sat thém mot sb
nguyén t6 khac nhu: Ni, Al, Mn...dé khao sét sy thay d6i cuong do

chat mau nau.
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