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THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:

e Tén dé tai: Nghién ctru tong hop mot sb loai chiat mau dung trong gém sir
trén nén spinel MgAl,O,
e Mai s6: DHH2014-01-70
e Chu nhiém & tai: PGS.TS. Tran Ngoc Tuyén
e Tel.: 0976.557.727 E-mail: trntuyen@gmail.com
e Co quan chu tri dé tai: Truong Pai hoc Khoa hoc - Dai hoc Hué
e Co quan va ca nhan phdi hop thuc hién:
- ThS. Nguyén BPtrc Vii Quyén, ThS. Tran Minh Ngoc, ThS. Ping Xuan Tin,
KS. H6 Van Minh Hai, CN. Bui Thi Hoang Diém
Khoa Hoa - Truong DPai hoc Khoa hoc Hué
- PTN Vat li¢u Vo co, Khoa Héa, Truong Dai hoc Khoa hoc Tu nhién, Dai
hoc Quéc gia Ha Noi.
- Cong ty C6 phan gach men va khoang san Thira Thién Hué.
- Cong ty C6 phan Prime Phong Dién, Thira Thién Hué.
e Thoi gian thyc hién: tir thing 01 nam 2014 dén thang 12 ndm 2015

2. Muc tiéu:

Tim duoc cic diéu kién thich hop dé téng hop mot s chat mau bén nhiét sir
dung trong san xuat gdm st nham thay thé chat mau nhap ngoai hién nay. Chat mau
thu dugc phai c6 nhiét do tao pha spinel thap, thanh phan pha chu yéu la spinel
MgAlL Oy, cuong d§ phat mau trong men manh.

3. Tinh méi va sang tao:

Viéc tong hop chit mau trén nén spinel MgAl,O4 bang phuong phap sol gel c6
su hd tro ciia tinh bot co nhidu wu diém. Trong phuong phap nay, tinh bt vira dong
vai tro phdi tir tao phtic (chelat), vira dong vai tro tac nhan gel hoa (gelatinization) gop
phén phan tan déng nhét cac cation kim loai trong phéi liéu. Do vay, nhiét d¢ nung tao

pha spinel giam xudng déng ké so v6i phwong phap gdm truyén théng. Mit khac, tinh
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bot 1a nguyén liéu phd bién trong ty nhién, ré tién, khong doc nén phuong phéap nay co
¥ nghia v& mat kinh té va than thién véi méi truong.
4. Két qua nghién ctru:

- Pa tim duoc céc diéu kién thich hop dé téng hop spinel MgAl,O, don pha tinh
thé theo phuong phap sol gel co su hd tro ctia tinh bot. Phuong phép nay da lam giam
dang ké nhiét d6 phan ng tao pha spinel MgALO, so v6i cac phuong phiap gbm
truyén thong va phuong phap dong két tia. Cac thong sé qua trinh tong hop MgAlL,O,
nhu sau:

+ Ty 1¢ mol Mg2+/Al3+: 0,5;

+ Ty 1& mol tinh bot/(Mg™" + AI"): 0,4;
+ Ty 1€ mol H,O/tinh bdt: 60;

+ Nhiét d6 nung: 1100°C;

+ Tdc d6 nang nhiét: 10°C/phit;

+ Thoi gian luu: 60 phut.

- ba téng hop duoc cac chdt mau xanh lam CoMg;Al,O4, mau xanh ngoc
CuMg; ,Al,O4 va mau nau nhat Ni,Mg; 1Al,O4 bén nhiét béng cach thay thé déng
hinh ion Mg*" cta nén spinel MgAl,O, 1an luot bang ion Co”", Cu®* va Ni*". San phim
thu dugc c6 mau sic phong phu, cuong do mau phu thudc vao ham lugng Co*, cu*’
va Ni*",

- Pi khao sat cudng do6 mau, kha ning phat mau trong men ciia cac chat mau
tong hop. San pham chit mau sau khi trang men trén xwong gach 6p lat c6 mau sic
tuoi sang, co chét luong twong duong véi chit mau nhap ngoai va ¢ thé dua vao tng

dung trong cong nghiép san xut chat mau cho gdm s.
5. San pham:

- Quy trinh téng hop cac loai chdt mau xanh lam CoMg,,Al,O4, xanh ngoc
CuMg, (Al,O4, mau nau Ni,Mg, ,Al,O, dung trong san Xuét gém st quy moO phong
thi nghi¢m;

- Cac mu san pham bdt mau xanh duong, xanh ngoc va mau nau;

- Két qua cia dé tai da dugc cong b trén 02 bai bao (bang tiéng Anh) cta Tap
chi Khoa hoc Cong ngh¢ - Vién Han 1am Khoa hoc Cong nghé Viét Nam;



- Pé tai gop phan dao tao 02 Luan vin Thac sy va 01 Khoa luan Tt nghiép dai
hoc.
6. Hiéu qua, phwong thirc chuyén giao két qua nghién ciru va kha ning ap dung:

Quy trinh tong hop cic chit mau mau xanh lam, xanh ngoc, mau nau trén nén
spinel MgAl,0O4 co thé ung dung, chuyén giao truc tiép dé san xuét chat mau tai cac
nha méy san xuat gach Op lat, gdm st dan dung, st vé sinh, my nghé... gop phan thay
thé chat mau nhap khéu hién nay.

Thira Thién Hué, ngay 25 thing 12 nim 2015

Co quan chu tri Chii nhiém dé tai

PGS.TS. Hoang Vin Hién PGS.TS. Tran Ngoc Tuyén
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INFORMATION ON RESEARCH RESULTS

1. General information:

e Project title: Synthesis of ceramic pigments based on spinel MgAl,O,
e Code number: DHH2014-01-70
e Coordinator: Assoc. Prof. PhD. TRAN NGOC TUYEN
e Implementing institution: College of Sciences - Hue University
e Cooperating institution(s):
- MSc. Nguyen Duc Vu Quyen, MSc. Tran Minh Ngoc, MSc. Dang Xuan
Tin, Eng. Ho Van Minh Hai, BSc. Bui Thi Hoang Diem.
Department of Chemistry, College of Sciences, Hue University
- Inorganic Materials Laboratory - Department of Chemistry — Hanoi
National University, College of Natural Sciences.
- Thua Thien Hue Ceramic Tiles and Minerals Joint Stock Company
- Prime Phong Dien Joint Stock Company

e Duration: from January 2014 to December 2015
2. Objective(s):

This project aims to find out the appropriate conditions for synthesizing some
of the heat-resistant pigments used in ceramics to replace the imported pigments. The
obtained pigments with single phase spinel of MgAl,0,4 and strong intensity of color in

the enamel were sintered at lower temperature in comparision to other processes.
3. Creativeness and innovativeness:

The starch assisted sol-gel process has many advantages for the synthesis of
ceramic pigments based on spinel MgAl,O,. Starch acted as not only the ligand using
for complexing, but also gelating agent with the role of identical dispersion of metal
ions. Therefore, the temperature of spinel formation in present process decreased more
remarkably than that in traditional pottery method. On the other hand, this method met
the requirements of industrial ceramics because of low cost and environmental

friendliness.
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4. Research results:

- The suitable condition of the synthesis of the single phase of spinel MgAl,O,
by starch assisted sol-gel process was investigated. The reaction temperature for
forming spinel phase of this process was reduced remarkably in comparision with
those of traditional pottery and co-precipitation ones. The synthesis conditions were as
follows:

+ The molar ratio of Mg*"/AI’": 0.5;

+ The molar ratio of starch/(Mg”" + AI’"): 0.4;
+ The molar ratio of H,O/starch: 60;

+ Sinterning temperature: 1100°C;

+ Temperature ramp rare: 10°C/min;

+ Sinterning time: 60 minutes.

- Heat-resistant cobalt blue Co,Mg;  Al,O,4, aqua blue Cu,Mg;  Al,0,4 and light
brown NiyMg,,Al,O4 pigments were synthesized by isomorphous replacement of
some Mg”" ions from spinel MgALO4 by Co*", Cu*" and Ni*", in turn. The colour
intensity depends on the content of Co®", Cu®" and Ni*".

- The colour intensity in enamel of obtained pigments was investigated.
Pigments after enameling on ceramic tiles exhibit bright colours with the quality
similar to imported pigments. The obtained pigments meet the requirment for ceramic

industry.
5. Products:

- Laboratorial scale process of the synthesis of cobalt blue Co,Mg;_,Al,O4, aqua
blue Cu,Mg,  Al,0O4 and light brown NiyMg; Al,O, pigments;

- Cobalt blue, aqua blue and light brown pigments;

- The results of project were published on 02 papers (in English) of Journal of
Science and Technology (Vietnam);

- The project contributed to supervising for 02 Master students and 01

undergraduate student.
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6. Effects, transfer alternatives of research results and applicability:

The process of the synthesis of cobalt blue, aqua blue and light brown pigments
based on spinel MgAl,O4 can be used in producing pigments replaced imported
pigments for ceramic tiles, sanitary ware, fine arts factories...

Thua Thien Hue, December 25"’, 2015

Implementing institution Coordinator

Assoc. Prof. PhD. Hoang Van Hien Assoc. Prof. PhD. Tran Ngoc Tuyen
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MO PAU

Do gbm 1a san pham khong thé thiéu trong doi séng cua con nguoi. D6 gébm
khong chi c¢6 gia tri sir dung ma con 1a cac hién vat ghi lai doi séng tam linh, ning
khiéu thAm my ciing nhu sy phat trién ky thut san xut va su phat trién cua xa hoi.
Nhiéu cong trinh khao ¢ da ching minh tir xua, to tién ching ta da c6 nhing san
pham gdm st v6i nhiéu mau sic doc ddo. Ngay nay, ciing v6i sy phat trién ciia nén
kinh t& - x4 hoi, nhu cau ciia con ngudi ngdy cang cao, doi hoi cac san phdm ngoai
cong dung, tinh ning can thiét con phai dap Gmg yéu cau thAm my.

Hién nay, nganh coéng nghiép gdm sir ctia nudc ta phat trién rat manh, dac biét
1a linh vuc san xuat gach 6p lat. Nam 2012, nudc ta ¢ trén 50 nha may san xuat gach
bp lat voi téng cong sudt trén 300 triu m*/nim, ding dau trong cac nude Pong Nam
A va ding hang tht 6 trén thé gii. Trong san xuit gom s, dic biét 1a gach 6p lat,
chat mau dong vai tro rat quan trong, quyét dinh mau séc, tinh thim my, tinh da dang
ctia san pham. Chi phi cho chat mau trong san xuat gach 6p lat 1a kha 16n, chiém hon
20% chi phi nguyén liéu dau vao. Trong khi d6, hién nay hau hét lugng chat mau st
dung dé san xuit gach 6p 14t & nudce ta déu phai nhdp ngoai tr Trung Qubc, Y, Tay
Ban Nha, Dic... Piéu ndy da han ché su chi dong vé ngudn nguyén liéu trong san
xudt, gia thanh san pham cao, giam kha ning canh tranh cia cac san phdm gbém st
Viét Nam trén thi trudng trong nudc ciing nhu trén thé gioi. Pé giam gia thanh san
xuat, dat muc tiéu day manh xuat khau gach &p lat hudng dén cac thi truong nudc
ngoai, hién nay nganh coéng nghiép gbm st Viét Nam dinh hudng wu tién nghién ctru
va san xuét chit mau cho gém s tir cic ngudn nguyén lidu trong nudce, dap tng nhu
cau cho cac nha may san xuét gach op lat & nudc ta.

Viéc nghién ctru tong hop chat mau cho gdm st da duge cac nha khoa hoc quan
tam tir 1au, ddc biét & Trung Qubc, mot trong nhitng nude co6 nganh cong nghiép gdm
si phét trién sém nhat thé gi6i. Hién nay, nganh cong nghiép san xuat chat mau cho
gém st phat trién manh m& & cac nude chau Au nhu Puc, Y, Tay Ban Nha,... vdi cac
hang san xuét ndi tiéng nhu Ferro, Colorobbia, Johnson, Cedeck,... da cung cép chét
mau cho hau hét cac nha may san xuat gém s trén thé giGi. Trong tu nhién, ton tai

nhiéu khoang vat c6 mau, tuy nhién cac khoang nay khong dap ting dugc yéu cau cua



chat mau dung cho gém s vi chiing thuong 14n nhiéu tap chét, cuong d6 mau khong
6n dinh, d6 bén nhiét khong cao. Do d6, xu hudng chung hién nay 1a tong hop chét
mau dua trén cic hé chét nén cd céu tric bén virng nhu: spinel, zircon, cordierite,
corundum, mullite, olivine, garnet, periclase... Béng cach dua céac ion tao mau (F e2+,
Fe'', Cu’, Cu®", Mn®", Co*", Ni*", Cr’", RE™",... ) vao mang luéi tinh thé cac chat nén
s& tao ra duoc cic chit mau bén nhiét khac nhau, v6i mau sic hét sic phong phu.
Trong do, chit mau trén nén spinel thuoc hé mau hién dai, cé nhiéu wu diém nbi bat
nhu: bén nhiét, mau sic tuoi sang, cuong do phat mau manh, bén trong moi trudng s
dung nén dugc tmg dung rit phd bién trong san xuat gbm st

Hién nay, chat mau duoc tong hop bang nhiéu phuong phép khac nhau nhu:
phuong phap gém truyén théng, phuong phap khuéch tan ran 1ong, phuong phap sol-
gel, phuong phap dong két tua... Vi phuong phip gém truyén thong do mic do
khuéch tan cua céc cdu tir trong pha ran rt kém nén phan tng tao pha tinh thé xay ra ¢
nhiét do cao, ciu trac chit mau kém bén, kich thudc hat mau 16n. Gan day, mot $6
phuong phap méi dugce nghién ctru phat trién nhu: phuong phap dong két tia, phuong
phép sol-gel, phuong phap Pechini, phuong phéap sol gel c6 su hd tro cia tinh bot ...
Trong phuong phap tong hop chat mau bang cach tao tién chat kim loai — tinh bot, cac
ion kim loai dugc hoa tan vao dung dich c6 chtra tinh bt (C¢H;¢Os),. Khi thuy phan
tinh bot, cac ion kim loai duogc gén 1én mach polime cua tinh bot béng cach tao phtrc
v6i cac nhém -OH. Trong phuong phap nay, tinh bot vira dong vai trd phdi tir tao phirc
(chelat), vira dong vai tro tac nhan gel hoa (gelatinization) tao diéu kién cho su phan
tan d6ng nhat ctia cac cation kim loai trong phdi liéu. Mat khac, khi nung thiéu két
chat mau, tinh bot s& bi d6t chay tao thanh CO, va H,O. Do tinh bt 1a nguyén li¢u phé
bién trong tu nhién, ré tién, khong doc nén phuwong phép ndy cé y nghia vé mat kinh té
va than thién voi moi truong.

Xuit phat tr y nghia vé mat khoa hoc cling nhu thuc tién, chung t61 thyc hién
dé tai: “Nghién ciru tong hop mot so loai chat mau dung trong gém s& trén nén
spinel MgAl,0,” theo dinh huéng phat trién ctia nganh cong nghiép gém st Viét Nam

giai doan hién nay nhdm déap g nhu cau san xuat trong nudc.



