Nghién ctru khoa hoc c6ng nghé

NGHIEN CUU TONG HQP PIGMENT MgCr204
KiCH CO NANOMET
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1. PAT VAN DE

Tur lau pigment da dugc Gng dung rong rai trong san xuét son, cac loai men
mau, nhua téng hop, mau trong linh vyc hdi hoa, myc in, xay dung, chét thudc da,
cao su, my pham. Véi yéu cau vé tinh thAm my va chat lugng ngay cang cao, ngay
nay cac pigment c6 kich thugc hat nano ngay cang duoc cht y phat trién va ing dung
rong rai nho cac dac tinh uu viét cia n6 nhu do bén mau cao, kha nang chiu nhiét,
chiu axit, bazo tét, do phéan tan, d6 bong, @6 phu, cuong dd mau, kha nang tan xa cao.

Trén thé gidi da co nhitng nghién cu va cong bd khoa hoc vé linh vuc san
Xuat pigment & nhiét d6 thap. Qua trinh tién tong hop thuong dugc xir 1y trong dung
dich. Téng hop pigment & nhiét ¢ thap bang phuong phép sol- gel hay phuong phép
tao phirc chat hitu co - kim loai chuyén tiép ciing dang duoc tién hanh nghién ctru
[1,2-5].

Tai Viét Nam, hién nay cac pigment v6 co ding trong nganh muc in, son, chat
déo, va dic biét 1a gdm sir chii yéu van duoc san xuit bang phuong phap dong két
tia va nung néng chay & nhiét do cao (thuong cao hon 1000°C cho dén hon
1500°C); chua c¢6 nhiéu nghién ctru vé tong hop pigment dua trén co sé tao phic
chat hitu co kim loai trung gian trong dung dich va nung & nhiét do thap.

Trong bai bao nay, ching t6i tong hop pigment MgCr204 kich ¢& nanomet
bang phuong phép tao phiic chat hitu co - kim loai chuyén tiép trong dung dich.
Phuong phap tong hop nay c¢6 sy hinh thanh polyme ma & d6 cac cation kim loai
phan bd dong déu trong chudi, do d6 s& phan bd tot hon trong san pham spinel cudi
cung. Céc cation hoa trj ba duoc ndi vong cang véi axit xitric, cation hoa tri hai véi
etylen glycol. Hai hon hgp niy phan tmg v&i nhau hinh thanh polyeste [6]. Pigment
MgCr204 tong hop theo phuong phap trén thyc hién ¢ nhiét do thip hon phuong
phap truyén théng, pigment dat duoc kich thudc hat nanomet.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit liéu va thiét bi nghién ctu

Magie (II) nitrat (Mg(NOs)2.6H20) (Trung Qudc, >98,5%), crom (III) nitrat
Cr(NO3)s (Trung Quoc, 299,0%), axit xitric monohytrat (CsHsO7.H20) (Trung
Qudc, 299,5%), ethylen glycol.

Thiét bi sir dung: may khudy tir gia nhiét (VELP Scientifica stl, Italy), 1o nung
Selecta Horn 1100 (Italia).

May nghién bi Model SH - BALL 700-2 véi toc do nghién 500 vong/phut, bi
nghién zirconia kich thudc 2,4 mm.
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2.2. Phwong phap nghién ciru

Quy trinh san xuit pigment MgCr>04 bang phuong phép tao phtrc chit hitu co-
kim loai chuyén tiép dugc trinh bay trong hinh 1.
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Hinh 1. So d6 quy trinh san xuat pigment MgCr2O4

Quy trinh téng hop pigment MgCr204 bang phuong phap tao phirc chat hitu
co- kim loai chuyén ti€ép nhu sau:

+ Can lugng xac dinh axit xitric va mudi crom (III) nitrat (v6i ty 18 3 mol axit
xitric/1 mol Cr*") hoa tan véi nudc sau d6 khudy bang khudy tir, gia nhiét 80°C
trong 1gid, dé tao dung dich ddng nhat (dung dich 1). Mubi magie (II) nitrat va dung
dich etylen glycol (ty 1& 3 mol Cr**/ 1 mol Mg**; ty 1& 3 mol axit/ 1 mol etylen
glycol), khudy trén may khudy tir gia nhiét 80°C trong 60 phut (dung dich 2). Sau 60
phiit tron hai dung dich 1 va dung dich 2 trén vao nhau, giit cho téc do khudy va
nhiét do khong thay doi 120°C thu dugc phirc chat dang gel mau den. Phuc chat thu
dugc ¢ dang gel mang nung so bd & 350°C trong 90 phut véi tc do tang nhiét
10°C/phiit. Phirc chat sau khi nung so bo & dang x6p, dugc dem nghién bi trong
vong 30 phut, sau d6 dem nung & cac nhiét do can khao sat (véi toc do ting nhiét
10°C/phiit). Bé ngudi san pham cung véi 10 (10 ngdt ngudn). San pham thu duge
dem di nghién trong 72 gio.

Sau khi nghién bi, kich thudc hat pigment dugc xac dinh bang anh SEM trén
kinh hién vi dién tu quét phan giai cao Hitachi S-4800 (Vién Khoa hoc Vit liéu) voi
d6 phong dai 100000 1an, 300000 lan, ddng thoi dugc xac dinh bang anh kinh hién
vi dién tir truyén qua (TEM) TEM 1010-Jeol (Vién V& sinh dich t& Trung uong) véi
d6 phong dai 100000 lan.

Pha tinh thé va kich thuéc hat dugc xac dinh bang phuong phap nhiéu xa tia X
(XRD) st dung thiét bi XRD EQUINOX 5000 (Thermo Scientific, Phap), véi
khoang do goc 26 tir 10° dén 110°. Kich thudc hat trung binh dugc tinh tir phuong
trinh Scherrer trén mot s6 dinh co cudng do nhiéu xa manh nhét.
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Khéi lwong riéng: Xac dinh theo tiéu chuin TCVN 8554:2010 (ISO
18753:2004), str dung binh ty trong ké, binh duoc can trude va sau khi cho pigment
vao, s dung can phan tich Ohaus EX224 v6i d6 chinh xac t6i 0,0001 g. D phii:
Xac dinh theo TCVN 2095 -1993, 1a luong pigment (g) can thiét pha trong dau lanh
khi phii déu trén nén mau den tring ¢ dién tich 1 m? s& che phu hét. Dj hap thu
dau: Xac dinh theo ASTM D281,2012 (ISO 787-5:1980), duogc hiéu 1a sb g dau co
thé dugc hap thu boi 100 g pigment. Pé pH ciia pigment trong dung dich nwoc:
Xac dinh theo ISO 787-9:2019. P§ bén nhiét: Xac dinh theo ISO 787-21:2017.

3. KET QUA VA BAN LUAN
3.1. Két qua phan tich nhiét (Thermogravimetric analysis - TGA)

Phtrc chit hitu co - kim loai chuyén tiép duoc téng hop theo quy trinh trén, sau
d6 sdy & 350°C, nghién so bo, tién hanh phan tich nhiét (TGA). Két qua phan tich dugc
thé hién trong hinh 2. Qua trinh phan tich nhiét cho thdy ¢ hai budc nhay khi ting
nhiét d6. Budc dau tién nhin thay rd nhat tai 100°C véi khoi luong giam hon 8,4%
dugc cho 14 su bay hoi ciia cac phan tir nude. Sau bude thtr hai, khi khéi luong giam
khoang 0,824%, thi thdy mau da o6n dinh thé hién trén duong phan tich nhiét tir gan
700°C. Két qua cho thay, pigment hinh thanh 6n dinh trong khoang tir 700°C tro 1én.

3.2. Phan tich nhiéu xa tia X (XRD)
Khao sdt theo nhiét dp nung

Cac mau MgCr204 duge tong hop theo quy trinh trén v&i nhiét d6 nung &
700°C, 800°C va 900°C dugc phan tich bang phuong phap XRD, két qua trinh bay
trong hinh 3. Két qua cho thiy miu nung & 700°C cac peak dic trung ctia cau triic
tinh thé spinel d& hinh thanh v&i cuong d6 tuong ddi rd rét (so sanh voi phd chuan
ICDD 10-351). Cac vi tri chu yéu 20 = 18% 37° 43° 56° 63°. Cac mau nung &
800°C va 900°C ¢6 cac dinh dic trung ciia ciu trac tinh thé spinel thu duoc 16 nét.
Nhu vy nhiét d6 cao hon thi d6 tinh thé tot hon.
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Hinh 2. Gian d6 phén tich nhiét - TGA cta miu pigment MgCraO4
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Hinh 3. Gian 46 XRD cua hé mau MgCr,04: (a)NPhé chuan; (b) Mau nung & 700°C;
(c) Mau nung ¢ 800°C; (d) Mau nung ¢ 900°C

Tur dinh nhidu xa (111); (311); (400); (511) va (440), kich thudc hat duge tinh
toan st dung phuong trinh Sherrer:

Dc = k\/PBcosd (1)

Trong do: k 1a yéu t6 hinh dang, c6 gia tri 1a 0,9; A: 1a budc song cua tia X;
la d6 rong cia dinh nhiéu xa quan sat dugc tai mdt nira cuia cuong do cuc dai.

Bang 1. Kich thudc tinh thé hé MgCr204 & nhiét ¢ nung 900°C trong 90 phut

20 B De
18,586 0,283 28,44
35,736 0,4 20,87
43,479 0,387 22,10
57,362 0,378 23,10
62,865 0,633 14,71

Kich thudc tinh thé thay dbi trong khoang 14,71 dén 28,44 nm (bang 1). Kich
thudc trung binh cua céac hat nano tinh dugc 1a 21,84 nm. Két qua tinh todn nay phu
hop véi hinh anh chup SEM trén hinh 4; TEM trén hinh 5.

Mau MgCr,04 san pham & 900°C sau khi nghién bi (72 h, 500 vong/phiit)
dugc dem chup SEM d6 phong dai 100000. Anh SEM, TEM cho théy tinh thé
MgCr204 rat rd rét, hat tao thanh c6 kich thuéc nhé hon 30 nm, tuy nhién, co6 thé con
thiy c6 mot s6 ving cac hat con dinh v6i nhau thanh khéi do qué trinh nghién chua
tbt. Kich thudc cac hat tinh thé kha dong déu. Piéu nay chimg to pigment ché tao
duoc co thé ung dung dé tao son do kich thude hat cuc nho.
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IMS-NKL 5.0kV 5.0mm x100k SE(M)

Hinh 4. Két qua chup SEM cia Hinh 5. Két qua chup TEM cuia
MgCr204 MgCr204

Khdo sdt dj bén nhiét

Cac mau hé MgCr,04 dugc nung & cac ché d6 khac nhau dé kiém tra do bén
nhiét, sy bién ddi cu trac pha tinh thé. Mau nung ¢ 900°C, 1200°C va miu nung &
900°C sau d6 nung lai & 1200°C. Két qua phén tich XRD ctia ba miu trén dugc trinh
bay trong hinh 6.
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Hinh 6. Gian dé XRD ctia hé mau MgCr204; (a) Phd chuén, (b) Mau nung & 900°C,
(c) Mau nung ¢ 900°C sau nung lai & 1200°C, (d) Mau nung & 1200°C

Dua vao két qua trén cho thdy khi nung mau lai ¢ nhiét d6 1200°C va mau
nung truc tiép & nhiét d6 nay, cau trac tinh thé cua spinel khong thay ddi so véi mau
nung & 900°C, khac biét nho 1a & nhiét d6 cao hon thi cuong do cac dinh ciia mau
nung & 900°C hoi thfip hon. biéu nay co thé giai thich 1a do & nhiét do cao su Kkét
tinh t6t hon, d6 tinh thé cao hon. Khi nhiét do tang co6 sy thiéu két nén kich thudc
hat 16n hon do dé cac dinh sic nét va co cuong do 16n hon.
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3.3. Cac tinh chit Iy - hoa khac
Bang 2. Tinh chat Iy hoa ctua pigment MgCr2O4

Khéilwgng | Bémitrieng | Do hdp thu | Py phi (%) | Do pH

riéng (g/cm?) (m?/g) dau (%)
2,78 52,25 67,17 62,28 58

Két qua thyc nghiém xac dinh d6 hap thu dau tmg voi cac thong sé do 1a
OA=67,17%. Diéu nay co6 thé giai thich, san pham tao thanh co6 kich thudc nano, be
miit riéng 16n hon nhiéu so véi mau trén thi truong.

Nhu vay pigment ché tao duoc dép tng cac yéu cau dbi v6i pigment trén thi
truong: pH 1a 5,8 tai 27,7°C (thi truong 5 - 8); do hép thu dau 67,17% (thi truong
15-25%); d6 phu 62,28 g/m? (thi trudng 50-120 g/m?); bé mit riéng 52,25 m?/g; khbi
luong riéng 2,78 g/cm? [7].

D§ bén axit: Liy 5 g miu san pham thu duoc cho vao becher va ngam trong
axit H2SO4 5%. Sau 168 gid, hon hop gan ria, loc, séy. Pem céan san phém thu duoc
va quan sat thdy ring cic mau déu khong thay dbi vé mau sic va khoi lwong thay d6i
khong dang ké.

D§ bén bazo: Liy 5 g mau san pham thu dugc cho vao becher va ngdm trong
bazo NaOH 5%. Sau 168 gio, hdn hop gan rira, loc, siy. Pem can san pham thu
dugc va quan sat thdy rang cac mau déu khong thay doi vé mau sic va khoi lugng
thay d6i khong dang ké.

4. KET LUAN

Két qua tong hop pigment MgCr,O4 bang phuong phép tao phirc chét hitu co
kim loai trung gian cho théy vat liéu c6 do déng nhét va kich thude hat nhd hon 30
nm theo phuong phéap danh gia hinh anh SEM va khoang 21,84 nm theo phuong trinh
Sherrer, 0 bén mau & nhiét do cao, dd bén nhiét, dd bén axit, dd bén bazo 1a rat tdt.
Ngoai ra, nghién ctru nay ciing khao sat mot s6 tinh chat hoa - 1y khac nhu: d6 pH la
5,8 tai 27,7°C, d6 hap thy dau 1a 67,17%, d6 phu 1a 62,28 g/m? bé mit riéng 52,25
m?/g, cho thay két qua dép tmg duoc cac yéu cau dbi véi pigment trén thi truong.
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SUMMARY
STUDY ON NANOSCALE MgCr,04 PIGMENT SYNTHESIS

This article presents procedure for the synthesis of nanoscale pigments

MgCr,04 by method of creating intermediate metal-organic complexes in solution.
The particle size, thermogravimetric analysis (TGA) and some selected physico-
chemical properties such as: specific gravity, pH, thermal stability, acid and
baseresistance were investigated. Experimental results show that the pigment
MgCr204 synthesized by this method has good properties, ensuring the requirements
of pigments on the market.

Keywords: Anticorrosion paint, MgCr204 pigment, military green, nanoscale.
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