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CAC PHUGNG PHAP TONG HOP PA QUY NHAN TAO
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Tém tit
Mot s6 dd quy ndi tiéng, cé gid tri trén the gidi nhu kim cuong (C), ruby (ALO,:Cr) va emerald
(Be ALSi O,,:Cr) do c6 dj trong sudt cao, do ciing l6n va mau sdc dep... Tuy nhién gid thanh ciia dd
quy thién nhién van con cao, chua ddp ving nhu cau tiéu thu ngay cang lon ciia thi truong. Vi vy, cdc
nha khoa hoc dd va dang tim nhitng phuong phdp ché tao dd quy tir nhiéu nguén nguyén liéu khdc
nhau. Pd quy nhdn tao rdt gan véi dd quy thién nhién vé cdu triic tinh thé va thanh phan hod hoc do
doé loai dd quy nay ngay cang digc wa chudng trong nganh ché tao do trang siic. Trong pham vi ciia
bai béo nay, chiing téi sé trinh bay mot s phuwong phdp thong dung nhdt dé tong hop dd quy nhan tao.

Tir khod: Dd quy nhén tao, ruby, emerald, phiong phdp tong hop.

1. Pit van dé

Trong ty nhién cé khodng 4.000 khodng
dudc biét d&n, trong dé chi c6 khoang 50 loai dugc
xem la da quy. Cac khoang nay c6 kich thudc va
chat lugng dat yéu ciu d€ gia cong cit got va
thanh hinh d4 quy. Nhitng khoéng khic vdi bé
mit dep vé mau sic, ciu tric hodc c¢6 hoa vin
dudc goi la da trang tri. P4 quy dugc tao thanh
trong ba loai d4 chinh sau: da Itra, d4 trim tich va
da bi€n chat. Phuong phap khai thac tiy thudc vao
tirng loai d4 quy, tinh chit quang hoc, 1y hoc va
céc diéu kién khac.

P4 quy rét c6 gid tri bdi vé dep, dd bén va
tinh quy hi€m, dic biét d€ lam trang sitc nhu kim
cuong, ruby, sapphire... Thanh phin chinh cta d4
quy 12 don tinh thé, bén canh d6 ciing tdn tai
nhitng loai dd quy véi ciu tric vo dinh hinh nhu
da opal [8]. Céc khodng tuy nhién c6 chat lugng
cao ngy cang tr§ nén khan hi€m. Do nhu ciu va
gid tri cua da quy trong linh vuc trang sic ngay
cang ting da thic ddy con ngudi tim ki€m nhiéu
phuong phap d€ tdng hgp chiing. P4 quy nhan tao
va d4 quy tunhién c6 cling thanh phin va ciu tric
tinh thé. Sy sao chép lai vé dep clia d4 quy tu
nhién 12 muc dich chinh ctia nhiéu nha khoa hoc.

Mot s& phuong phép tong hop dd quy 1an luot
ra doi nhu phuong phdp Verneuil, phuong phap
flux va phudng phap thuy nhiét... Cac loai da quy
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dugc tong hgp nhiéu nhat 1a ruby, sapphire, kim
cuong, emerald, spinel va opal. Tinh thé ruby
dudc tdng hdp theo phuong phép flux bdi nha
khoa hoc Gaudin nim 1837. Phuong phép tng
hdp tinh thé emerald dugc phat trién vio nim
1888 bdi hai nha khoa hoc Hautefeille va Perrey.
Phuong phap st dung ngon Itta dugc phat trién
vao nam 1902 bdi Verneuil. Phuong phdp kéo tir
hdp chatnéng chiy dugc phat minh vao nim 1918
bdi Czochralski. Kim cudng dudc tdng hop 1an
diu tién vao ndm 1955 bdi Bundy va cdng su [8].
Nhiéu loai d4 quy nhu tinh thé spinel (MgALO,)
va rutile (TiO,) ciing da dugc tong hop.

Hién nay, d4 quy tong hop c6 mot thi trudng
rong 16n, chiing ciing dudc diing nhiéu trong linh
vuc dién ti. Sy phat trién tinh thé emerald bdi
phuong phap flux da tao nén bd suu tap vé da quy
nhan tao. Hau hét cdc phuong phép trén déu dugc
thuc hién & 4p suat va nhiét do cao hay & nhitng
diéu kién dic biét khic nghiét khac.

D4 quy nhan tao hién ludn la dé tai thu hiit
st chid ¥ clia rit nhiéu nha khoa hoc, dia chit hoc
va ngoc hoc trén thé gidi, véi mong mudn cé thé
thay thé dudc ngudn dd quy tu nhién. Tai Viét
Nam, hiu hét céc tap doan da quy ndi ti€ng hay
cac cong ty da quy vira va nho chi ding lai § viéc
khai thac va gia cdng d4 quy ty nhién, con céic
loai da quy nhén tao thudng dugc nhap tir nude
ngoai nhu Phap, My, Brazil va An P9... Thi trudng
d4 quy nhan tao con phu thudc nhiéu vao nuéc
ngoai vi viéc sdn xuit d4 quy nhan tao tai Viét
Nam vAn con han ché.
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2. Cac phuong phap tong hgp

2.1. Phuong phap flux

bay la phuong phap dugc st dung rong rai
dé tdng hop da quy, c6 thé dat dugc vdi thiét bi
don gian. Nguyén 1y phuong phap 12 tinh thé két
tinh & nhiét dd thap hon di€m néng chdy cia né.
Chat trg dung “flux ” 1a chit c6 nhiét dd néng chay
thap, khi dua vao hdn hgp phdi liéu s& cé kha
ning 1am gidm nhiét do néng chay cta phdi liéu.
O nhiét do thudng chat trg dung 13 chat rdn, khi
néng chay déng vai trd nhu dung mdi c6 thé hoa
tan cdc nguyén liéu khac. Cac nguyén li€u nay
sau khi hoa tan vao “flux” s& két tinh lai & nhiét
dd thich hop.

Phdi liéu bao gdm “flux”, chat tao két tinh
cling v6i nguyén liéu tao mau dugc tron ddng nhit
véi nhau, sau d6 dugc dem nung G nhiét do cao
dé ching hoa tan hoan toan vio nhau. Sau mot
thdi gian @€ dung dich néng chdy ddng nhat véi
nhau, nhiét do s& dudc ha din va hdn hdp néng
chdy dugc luu & nhiét do thich hgp hoidc béi sy
bay hoi ciia flux, mAm tinh thé s& 16n 1&n [7], [8].
Khi tdng hgp tinh thé bing phuong phdp nay
thudng diing ndi niu bing platin dé tranh phan
ing x4y ra gitra “flux” va ndi [8], [10]. Cac “flux”
chi y&u la: MoO,, Li,0-MoO,, MoO,-B,0,, PbO-
MoO,, Li,0-WO,, PbO-WO,, PbO-PbF,, V_O....

Trong phudong phap flux st dung ba ky thuit
chinh la:

K¥ thuit lam ngudi chdm: Khi lam ngudi
cham, dung dich s€& dat trang thdi qua bao hoa,
tir d6 s& xudt hién két tinh. T&c¢ d6 lam ngudi cang
cham thi tinh thé k&t tinh cang 16n, tdc do 1am
ngudi thudng 1a tir 1 - 10°C/h. P6 16n tinh thé ¢6
thé dat dugc vai milimet.

K§¥ thuit bay hoi tir “flux ”: Su bay hdi ctia
“flux” dugc thuc hién § diéu kién ding nhiét. Su
phét trién tinh thé x4y ra theo sy bay hoi ctia “flux”.

K§ thuat gradient nhiét do: Dung dich chat
nudi thi dugc giit & ving néng hon. Bing sy doi
luu ty nhién hay cudng biic, dung dich s& chdy dén
viing ngudi hon, noi mam tinh thé c6 mit, lic nay
dung dich trd nén qua bido hoa va tinh thé phat
trién 1&n tir mam tinh thé.

Theo tdc gid Pei Lun Lee [6], & diéu kién
nhiét do6 1a 1200°C va thdi gian Iuu 1a 20 gid, sau
d6 lam ngudi dén 800°C véi tdc dd 1am ngudi
5°C/h trong 16 dién sé& thu dudc tinh thé emerald
¢6 kich thuée 0,8 0,5x0,5 mm?®. Theo tic gia S.
N. Barilo va cong su [10], d@€ dat dudc tinh thé
emerald nang 6,54 g 6ng da st dung phuong phap
flux, tinh thé phat trién trong ndi nau c6 dudng
kinh 12 70 mm va chiéu cao 1a 70 mm vdi diéu
kién nhiét dd néng chdy 1a 1152°C, lam ngudi dé€n
1132°C véi toc do 1 - 1,6°C/ngay, thdi gian qua
trinh 20 ngay.

Diing phuong phap flux tinh thé c6 thé phat
trién tu do. Tuy nhién tinh thé tao ra c6 dd tinh
khi€t khong cao, toc dd phat trién cham, phai lam
viéc & nhiét do cao va khdng c6 quy tdc chit ché
dé chon “flux”. Phuong phap flux 12 phuong phép
phd bi€n nhat hién nay d€ sin xui't emerald.
Cong ty Shinkosha ¢ Nhat Ban da thanh cong khi
sdn xudt emerald theo phuong phép nay.

2.2. Phuong phap Verneuil

Phuong phdp nay con goi la phuong phap
ngon lra, 1a mot trong nhitng phuong phap 1au dsi
nhat d€ san xuit c4c oxit chiu Itra. Py 12 phuong
phap c6 gid tri kinh t& cao d€ tdng hgp d4 quy,
dudgc Verneuil phat minh vao nam 1902 [7], [8].

Nguyén ly lam viéc ctia phuong phap dugc
mo td trén Hinh 1. Phuong phdp nay st dung
nguyén liéu ban dau la bot ALQ, tinh khié&t hodc
cic oxit khic tuy thudc vao sin phim cin tdng
hdp. Cac oxit mau dugc thém vao dé tao ra sic
mau cho da quy 1a Cr,0,, Fe O,...

Quad trinh hinh thanh tinh thé dugc dién ra
trong mot thi€t bi dic biét. Bot nguyén liéu tr
budng cip liéu roi xudng vao budng dot. Tai day,
nguyén liéu bi néng chay trong ngon Itra ctia hdn
hdp khi oxy va hydro (kho4ng 2200°C) v6i diém
néng chay rat cao. Bot nguyén liéu néng chiy va
hinh thanh nén nhitng hat nhd trén bé mit tinh
thé€ giong. Liic nay tinh thé s& phat trién 1én tir
tinh thé giong dé thanh tinh thé thyc thy. Tinh thé
hinh thanh nén b&i phudng phap nay c¢6 dang hinh
tru [8].
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Hinh 1. Nguyén ly phudng phap Verneuil

Theo tac gia F. Barvinchi va cdng su [1], tinh
thé sapphire thu dugc khi sit dung phuong phap
Verneuil. Bot alumina ndng chay trong thdi gian
ngdn (di€m néng chdy 2050°C) tiy thudc vao
ngon Ita oxy va hydro, nhiét do cao nhat clia
ngon Ia nay quanh nhiét d6 3000°K. Theo tac
giA Shuji Oishi [8], ruby tong hop tir phuong phéap
Verneuil c6 thé c6 dudng kinh khoang 20 mm va
chiéu cao 80 mm.

Phuong phdp Verneuil diing d€ sdn xuit ra
cac loai da quy nhu ruby, sapphire, star ruby va
star sapphire cling nhu spinel, rutin... Cong ty
Shinkosha tai Nhat Ban cling da thanh cong trong
viéc stt dung phuong phap nay d€ sin xuat d4 quy
nhan tao ruby va sapphire [8]. Phuong phdp
Verneuil c6 uu diém 1a khong tdn ndi nau, san
phim d4 quy tao ra Ia tinh thé hinh try, kich thu6c
16n hon so v6i cac phuong phéap khac. Tuy nhién
c6 di€m bét 1¢i 1a kho diéu khi€n ti 1¢ gitta H /O,
va tinh thé d& bi vd dudi tic dung gradient nhiét
do [71, [8].

2.3. Phuong phap Czockralski

Phuong phdp nay dugc Czockralski tim ra
nim 1918. Pay 1a phudng phap phd bién dé ché
tao tinh thé d4 quy.

Nguyén ly phuong phap dugc mé td § Hinh
2. Nguyén liéu dugc nau chdy trong ndi nau, tinh
thé giong dudc nhiing tryc ti€p vao hdn hdp néng
chdy ddng thdi xoay tron quanh truc ctia minh nhd
vao bd phan cd hoc dé dat dudc su doi xitng va
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c6 tac dung khudy tron hon hop. Trong qué trinh
k€t tinh, ndi dyng pha 18ng ciing xoay ngugc
chiéu véi tinh thé. Trong phudng phap niy qua
trinh phét trién cda tinh thé dién ra ddng thdi véi
viéc kéo thanh tinh thé gidng ra khdi ndi.

Phuong phap Czockralski c6 vai trd quan
trong trong sdn xuat vat licu ban dan silicon. S
dung phuong phap niy cé thé sin xuit ra tinh thé
silicon v§i dudng kinh 300 mm va can nang 300
kg [3], [7] dudi nhiét @6 1413°C cta khi argon.
Nhitng tinh thé germanium, oxit ky thuat va
nhitng tinh thé fluoride nhu garnet, niobate, tan-
talate, silicate, vanadate cling dudc sdn xuét chd
yé&u bdi phuong phap nay [7], [8].

Dung phuong phip Czockralski c6 thé ché
tao tinh thé 16n trong mot thdi gian ngin. Tuy
nhién phudng phip nay doi héi k§ thuat cao, kiém
sodt ap suét rat khé khan, thiét bi rit dét tién.

Hinh 2. Nguyén ly phuong phap Czockralski

2.4. Phuong phdap dinh hinh tinh thé
(Shaped crystal growth)

Phuong phap nay diing d€ san xuAt tinh thé
c6 hinh dang nhubAn mdng, que, dng, sdi. Phuong
phdp nay cé gid tri cao hon phudng phdp
Czockralski [7]. Phuong phap dinh hinh tinh thé
dung hai thanh khudn ti€p xtic véi chit 18ng, chat
16ng dugc kéo 1én trén khoang hep giita hai thanh
khudn. Khi tinh thé gidng dugc nhiing vio chit
16ng, mit khum dugc hinh thanh. Chét 16ng héa
rin dinh vao tinh thé giong khi kéo 1én. Tir do,
mtc chit 16ng giita khudn ciing 1én theo.

Phuong phédp nay con dugc goi la phuong
phap Stepanov hay phuong phap EFG (edge-de-



TRUONG DAI HOC PONG THAP

Tap chi Khoa hoc s6 14 (8-2015)

fined film-fed growth). Trong trudng hgp san
pham Ia tinh thé s¢i thi dugc goi 1a phuong phép
micro pulling down (uPD) béi vi tinh thé sgi c6
dudng kinh chi bing vai traim micron [7].

Theo tac gid Ye. V. Kryvonosov va cdng su
[5], thanh tinh thé sapphire dat dugc v6i dudng
kinh 12 14 mm va dai 800 mm khi tdng hgp bing
phuong phiap EFG véi ndi 1a Mo va khi d6t 1a
argon. Theo tac gid V. N. Kurlov va cong su [4],
nhitng 6ng sapphire tdng hop dugc theo phuong
phdp nay c6 dudng kinh dat khodng 85 mm vdi
t6c do kéo tir 15 - 40 mm/h.

2.5. Phuong phap thay nhiét (Hydrother-
mal method)

Phuong phap thdy nhiét dugc bi&t dén trude
nim 1930, tuy nhién vio nim 1960 méi dugc phd
bi€n. PAu tién, phuong phip nay ding dé két tinh
SiO,. Sau d6, né dudc nghién cifu m§ rong.

Nguyén Iy phuong phap la tinh thé phat trién
1én tir dung dich c6 dung mdi 1a nudc dusi dicu
kién nhiét d khodng 400°C va 4p sud't cao
(170MPa) [7]. Nguyén liéu dau vao dudc ding
12 nhitng hat quic nhé dudc dit dudi day ndi 4p
suit va nhitng mam tinh th€ quéc thi 10 ltng trén
viing phat trién. Sau d6, dung dich bazo lodng
(NaOH 0,5 M) dudc thém vio lam mdi trudng dé
tinh thé phat trién. Dudi tic dung clia nhiét do
va 4p suflt, moi trudng va thdi gian phit hgp tinh
thé s& din phit trién 1én.

Tdc dd phat trién ctia tinh thé trong phuong
phép thily nhiét rat chim, ddi khi con ton tai H,0
hoidc ion OH"trong tinh thé€. Tuy nhién phuong
phép nay dé thyc hién, sit dung thi€t bi don gién,
tuy ndi 4p sudt dt tién nhung tudi tho rit cao [8].

Phuong phép thdy nhiét dugce ding d€ tong
hgp SiO,, ngoai ra ciing thich hgp d€ tong hop céc
tinh thé khdc nhu tinh thé emerald, berlinite
(AIPO,), calcite (CaCO,) va zincite (ZnO) [8].

2.6. Phuong phap HPHT (High Pressure
high temperature)

Phuong phap HPHT thich hgp ding dé tong
hdp kim cuong. Kim cuong nhén tao c6 thé tong
hop trong diéu kién nhiét @6 1700°K va 4p suit
5,5GPa. Kich thudc kim cuong c6 thé dat dugc tir
1 - 10 mm theo phuong phap nay [9].

Nhitng d4 quy tong hdp c6 thanh phin tinh
thé nhu d4 ty nhién va dudc tdng hop bing nhiéu
phuong phip khic nhau dudc thé hién & Bang 1.

Bang 1. Pon tinh thé chinh va cic

phuong phap téng hop
Pa quy Khoang Cl?;lag ltlzl:c P:::g;g

Kim cuong | Diamond | C Ap suit cao

Emerald, Beryl Be;AlSigOgs | Thuy nhiét,

Aquamarine “flux”

Quartz Quartz SiO, Thiy nhiét

Ruby, Corundum | ALL,O3 Verneuil,

Sapphire Czochralski,
thdy nhiét,
“flux”

Ngoai nhitng phuong phap chinh trén, ngudi
ta con stt dung nhiéu phuong phdp khdc nhu
phuong phap néng chdy viing, phuong phip két
tinh tir pha hoi... d€ t6ng hgp d4 quy. Tuy nhién
cic phudng phap niy chua phd bién.

3. Két luan

Nhin chung, cic qué trinh téng hgp d4 quy
nhan tao déu dugc thuc hién trong nhitng diéu
kién dic biét, st dung thi€t bi phic tap va dit
tién. Ngoai ra cdc nguyén liéu doi hdi do tinh
khié't cao do vay sidn phdm tao ra c6 gid tri cao.
P4 ruby, sapphire cé thé ding nhitng phuong
phdp nhu Verneuil, Czokralski, hydrothermal,
flux d€ téng hop, con dd4 emerald thi diung
phuong phédp hydrothermal, flux... thi thich hgp
hon. Do d6 tuy theo sdn pham ma lya chon
phudng phap téng hgp thich hgp, cho sin phim
c6 gié tri cao va kinh t&€ nhat./.
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GEMSTONES SYNTHESIZING METHODS

Summary
Diamond (C), ruby (Al O,:Cr), and emerald (Be,AlSi O :Cr) are well-known gemstones around

the world, and highly valued for their transparency, ha;drigess and beauty. However, gemstones
are still expensive for the increasing market demands. Thus, many scientists have been searching
different methods to synthesize gemstones from various materials. Synthesized gemstones and the
natural ones are of virtually the same chemical composition and crystal structure. That is why the
synthesized gemstones are increasingly used for human ornamentation. In this paper, we present some
of the most found methods to make synthesized gemstones.

Key words: Synthesized gemstones, ruby, emerald, synthesizing methods.
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