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NGHIEN CUU BAN CHAT MAU CUA RUBY, SAPHIA
TRONG CAC MO DA QUY VIET NAM
VA CONG NGHE XU LY NHIET

1. MO DAU

Trong cac md ruby, saphia mién Bic Viét Nam,
lugng ruby (mdu dd) va saphia héng ¢6 mdu tinh
khiét (d6 hodc héng) co thé ché tic ngay thuong
rt it. Da phdn ruby va saphia héng nguyén liéu &
day déu bi nhudm anh tim (tim/lam) hodc sic nau
(tin) va cac sfc thai mdu khic, 1am gidm dang ké
chat luong clia ching. Nguyén nhan cla cic sic
méu nay cb thé khac nhau. Bing cach dp dung quy
trinh x& 1y nhiét thich hop, ngudi ta ¢ thé loai bd
hodc 1am gidm cic dnh mau tim (tim/lam) hodc sic
mau nau (tia) ndy, va chat lugng (gia tri) cla ruby,
saphia s tang lén dang ké.

O Viet Nam loai ruby, saphia hdng ¢6 anh tim,
hoic sic nau gap kha nhiéu trong cic mo Luc Yeén,
Quy Chau, Tan Huong, chiém mot ty trong dang
k€ trong cic sdn pham khai thac clia cdc mo nay.
Vi vay, viéc nghién clru xay dung quy trinh cong
nghe xit 1y thich hop dé€ nang cao chat lugng s& co
¥ nghia khoa hoc vi thuc tién quan trong.

Bai bao trinh by nhitng két qua nghién cilru vé
nguyén nhan va bin chat clia cic sic miu nau, tim
trong ruby, saphia Viét Nam va quy trinh cong
nghe xir Iy nhiét doi voi loai ruby, saphia nay.

1. BAN CHAT MAU SAC VA NGUYEN NHAN
TAO ANH TIM HOAC SAC NAU TRONG RUBY
VA SAPHIA HONG VIET NAM

Cic tinh thé Al,O; két tinh trong phu hé 3
phuong cua tinh hé¢ 6 phuong. G trang théi tinh
khié€t ching hoan toan khong mang mdu, nhung
khi Idn céc tap chat khac nhau, ching co the co
mau Khac nhau : néu ¢ Cr thi s& cho mdu do hoic
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héng, 1dn Fe va Ti s& cho mdu lam. Ching ciing ¢6
thé ¢6 cac miu khac nhu vang, luc, tim... Tén goi
chung ctia khoang vat Al,O; 14 corindon, khi c6
mau dé duoc goi 12 ruby, ¢6 mdu lam 13 saphia, c6
cac mau khic cling dugc goi 1a saphia kem theo
chi din mdu cu thé, vi du nhu saphia luc. saphia
vang, saphia da cam...

Cac ket qui xic dinh thanh phin hoa hoc bing
phuong phap microsond cho thdy cic tap chit
chinh trong corindon Viét Nam 1a cic oxit Cr, Fe,
Ti (bdng 1). Ruby mau do thuong c6 ham luong
trung binh tap chit Cr,05 t6i hon (n.107%) so véi
saphia hong (n.10"% + n.107%), saphia mdu lam
thuong chira dong thoi cd Fe’* va Ti™" véi ham
luong trung binh : FeO - n.107"'% va TiO; - n. 107%.
Tuy vay, ham lugng clia cic nguyén S tao méu
ndy dao dong dang ké tir miu ndy sang mau khic,
tham chi trong pham vi mot mau. Nhin chung, him
lwong clia cic nguyén t6 tao mdu cua ruby, saphia
Viét Nam ciling phu hop vdi ruby, saphia tu cic
khu vuc khic nhau trén thé gidi.

1. Ruby do va saphia hong

Méu cia ruby 1 do su ¢o mit cha Cr™ dudi
dang tap chit Cr,0; khi Cr* thay th€ déng hinh
AI** trong hop chit oxyt nhom AlLOs. Khoing
0,1% cr trong corindon $€ tao ra miu do cla
ruby. Khi ham lugng Cr** gidm xudng thi, tuong
img, mdu do cla ruby ciing giam theo. Khoing
0,04% Cr™ s& tao ra mdu héng dam, trong khi
0,03% Cr** thi tao ra miu héng nhat.

Nguyen nhan gay mdu cla ruby va saphia hong
12 do qué trinh hdp thy 4nh sing cla ion kim loai



phan tin o (ciing v&i su chuyén dich clia cic
dién tr trong pham vi dim may dién tir cla ion
Cr™). Anh sang tring khi chi€u vao ruby s& lam
cho cac dién tlr nhdy lén cic mirc nang lugng cao
hon, kém theo d6 12 su hdp thu 4nh sang miu luc-
vang vd mdu tim, con 4nh sing miu lam vi miu

dd s& duge truyén qua, 1am cho vién ruby c¢6 méu
dd. Két qud phan tich microsond va phé hdp thu
clia ruby d6 va saphia héng Viét Nam duoc thé
hién & bdng I va hinh 1. Cic pic hap thu trong cic
mdu ndy ciing twong tu nhu phé dic trung cia ruby
va saphia héng trén thé gidi.

Bdng 1. Thanh phdn hoa hoc (% trong lugng) cla corindon Luc Yén
(xac dinh bing phuong phap microsond)*

6 Viwi
hieu phan g,_.” Cr,0; V,0; Na,0 MgO ALO; SiO, FeO MnO CaO TiO, ‘Téng
mau tich Eal
Nhan 2‘;}? 0052 0 0 0014 100,89 0 0,003 0,003 T 10097
Nhan %9 gs00 0 0 001510087 0 002 O - 100,96
L2 .| CAUTEISI T T _
Riém 5
" Héng 0,062 0 0 000310073 0 O 0016 - - 100,81
DOl T e e e— e
Riém :
M Héng 0018 0O 0 0,004 10085 O 0,001 0,006 - 100,88
ngodi .
Poimidulam 0,063 0,000 0 0023 9963 0 0259 0,010 0 0,033 1000l
Déimdulam 0060 0000 O 0024 9991 0 07274 0,001 0,001 0,027 100,29
Doimdulam 0,060 0,005 0,002 0,053 99,68 0 0253 0 Kph** Kph 100,05
LY9 DPéimdulam 0,062 0,000 O 0039 9997 0 0307 0 Kph Kph 100,38
Déimdulam 0,054 0006 0 0017 9979 O 0,285 0,008 Kph Kph 100,15
D6imduhéng 0,086 0,000 O 0018 9974 O 0288 O 0001 O 100,14
Doimduhéng 0,102 0,001 0,004 0,018 9984 O 0305 0 0003 O 100,28
Déi mdu hdng 0,096 0,000 0,004 0,017 99,87 0 0298 0,004 O O 100,29

* Phan tich tai Vién Dia chat, Dia vat 1y va Khoang vat hoc, chi nhanh Siberi, Viéen Han 1am KH Nga) ;

** Kph - khong phdt hién

Ph6 hép thy cla ruby va saphia héng cho thay
mau cla ching 13 do sy c6 mit clia Cr thay thé
ddng hinh Al tai cic vi tri bat dién trong cdu tric
clia corindon.

2. Saphia lam

Trong khi méu sic cla ruby va saphia héng chi
do mot jon phan tan Cr' gy ra thi mdu lam cla
saphia lai dugc tao thanh theo mot co ché hoan
todn khéc : co ché chuyén dich dién tich giita hoa
tri (intervalence charge transfer - IVCT) giita cip
ion kim loai Fe** va Ti** [3, 11].

Trong ciu tric cla corindon v&i mic him
luong 0,0n%, Ti rieng n6é khong tao ra mdu, con
ciing mot lugng nhu vay clia Fe chi tac ra dugc
mdu vang nhat cla saphia. Nhung néu ca Fe va Ti

cung c6 mat thi s€ tao nén mdu lam d4m kha dep
trong corindon. Ca Fe va Ti déu thay th& déng hinh
Al trong c4u triic clia tinh thé corindon. Sit c6 thé
cb mat & hai trang thai hoa tri 13 Fe®* va Fe™, trong
khi titan chi t6n tai & hoa trj Ti**.

Khi ¢6 mat dong thoi Fe** va Ti*, néu ching
ndm canh nhau s& x4y ra tuong tic. Mot dien t&r
don 18 s& nhdy tir ion Fe sang ion Ti khi bi kich
thich bdi 4anh sang, kém theo d6 1 su hap thu chon
loc anh sing nhin thy,

Co ch& chuyén dich dién tich gilta hoa tri dé
tao mau lam trong saphia c6 hiéu img miu cao hon
rdt nhiéu so véi Cr™ trong ruby, thuong I3 manh
hon 100-1.000 14n. Trong khi ruby phai cén
khoang 1% crom moi tao ra mdu d6 dam thi doi
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v6i saphia chi cdn 0,0n% sit va titan cing dd taora I
dugc mdu lam dam [11, 12].

Qua trinh trén dugc thé hién theo so d6 sau :
Anh sang tring

Hap thu

I+ %
— Fe'" + Ti'"
anh sang

e

Anh sing miu lam

2+ o i
Fe™ + Ti'"

Saphia héng

A, nm
T
833

3é4 4:54 5%6 7‘;4
Hinh 1. Phé hap thy cla ruby (miu do)
vi saphia hong Luc Yen

]
333

Két qua phan tich microsond va phd hap thu
mot miu saphia phan di mdu (lam/hdng) cua Luc
Yeén (mdu LY9, bang 1, hink 2a, b ) cho thdy trong
saphia lam Viét Nam ham lugng cua Fe thuong dat
t6i 0,n% va Ti 12 0,0n%, hoan toin di dé€ tao ra
miu lam dim trong saphia lam. Nhiing tap chat
chinh trong saphia Luc Yén 14 Cr va Fe, tai cic d6i
mdu lam coén c6 ca Ti (01 0,033% TiO,). Ham
lugng sdt tai cdc doi mdu lam vd mdu hong khac
nhau khong ding ké. Tuy vay cdn luu ¥ 12 him
lwong cla sit trong saphia ¢6 su dao dong 16n, tir
0,25 dén 0.31% FeO. Su khac biét chu y&u vé
thanh phdn cia cic doi mau héng va miu lam la
ham lugng cta Cr va Ti. So v6i cac d6i miu lam,
cic doi miu hong gidu Cr hon, trong khi cic doi
mdu lam lai gidu Ti hon.
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398 410
387

T 1 T ]
333 384 454 556

714 833
393 410
b) Gy 568 ?
450
;\., nm
1 T T 1 1] 1 T
333 384 454 556 714 833

Hinh 2. Phd hap thu cla saphia phan ddi lam/héng
Luc Yén (miu LY9)
a. d6i mdu lam, b. d6i mdu héng

Phd hap thu clia saphia lam Luc Yén noi chung
cling phd hop véi cic dic trung hdp thu cua saphia
lam dién hinh trén th& gidi. Phan tich phd hap thu
clia d&i médu lam cho thdy mdu lam cda saphia chu
yéu 1a do su hdp thu manh trong viing tir ngoai gdn
(du6i 362 nm) va ¢ phdn kha kién: lam, luc, vang vi
dd (470-700 nm). Trén nén cla clra 8O truyén qua
trong vang tim ¢6 mot loat cic vach hdp thu, trong
dé dang k€ nhit 1a cic vach hep gdn 388, 396 va
450 nm, cling nhu mot dairong c6 cuc dai 6 410nm.

Ngoai mdu do, héng va lam, corindon con ¢6 thé
c6 rit nhiéu miu khic nifa nhu vang, tim, luc, da
cam v&i cic sic thai rat khac nhau. Déng thdi trong
corindon tw nhién it khi chi c6 mat riéng mot nguyén
td tao mau ndo dd, thudng ching hay c¢6 mat dong
thoi, 1am bién ddi cic mdu chinh. Cic két qui nghién
ciru clia nhiéu tic gid khac nhau |1-3, 5, 9, 10, 14|
di chi ra ring nguyén nhan va co ché tao mdu ctia
corindon 14 4t khic nhau, trén thuc t€ corindon tu



nhién it khi ¢6 mot mdu tinh khi€t nio d6, ma
thudng 13 pha tron cta nhiéu sic thai mdu. Chi cin
si 6 mit cia 3 nguyén t6 tao miu 1a Cr, Fe, Ti theo
cic ty 1 khac nhau 13 corindon cé th€ c6 rdt nhiéu
mdu khic nhau: dd, héng, lam, lam tim, tim sang,
tim xim, do tia... Hién twong nhiéu mdu, phan déi
méu ciing rat dic trung cho corindon Viét Nam.

Két qua xidc dinh thanh phdn hoi hoc
corindon cac mdu khic nhau tir cidc md ca Viét
Nam (Luc Yen va Quy Chau) bing phwong phap
microsond (bdng 2) cho thdy cic nguyén t& tao
mdu chil yéu trong corindon van la Fe, Ti va Cr,
nhung ham luong cla chilng trong cac loai
corindon c¢6 mdu khéc nhau 12 khéic nhau.

Bdng 2. Thanh phan hoa hoc (% trong lugng) clia ruby, saphia Quy Chau va Luc Yén*

" Som%f Y Mausic . M3 Cr,0; Ezz%’: TiO,  ALO; Téng
1 QCl Khongmdu Quy Chau - 0,350 - 99,200 99,550
2 QC2  Lam Quy Chau : 0,420 0,050 99,150 99,620
3 QC3 Timhéng QuyChau 0,050 0,060 0,090 99,580 99,780
4 QC4  Tim Quy Chau 0,040 0,160 0,030 99,400 99,630
5 QCs Dd QuyChau 0,190 : E 99,350 99,540
6 LYl  Héng Luc Yen 0,050 0,080 : 99,500 99,630

*Phdn tich tai Trung tdm phdn tich thi nghiém Dia chdt bing phuwong phdp microsond

Néu nhu trong ruby (miu do) va saphia héng
chl yéu c¢6 mat Cr, con trong saphia lam 1a dong
thdi cd Fe va Ti, thi trong corindon mdu tim, tim
héng lai thudng c6 mat déng thai cd 3 nguyén (6 tao
méu trén. Phé hap thu cla ruby, saphia Viet Nam
cling cho thay su co mat clia cic nguyén t0 tao mau
khéc nhau trong corindon (hinh 1 va 2). "Sic vang
nau" cia médu ruby c6 lién quan vdi sy hdp thu
anh sing trong vang tim va cuc tim gdn (hinh 1). Su
hdp thu tang cudng ndy cb thé gidi thich bing su co
mat ctia Fe™, ciing v6i Cr'* thay thé vi tri clia Al
Con trong phd hap thu cla saphia (hinh 2a ), su hap
thu manh tai cic ving mdu luc, vang va dé véi cuc
dai & 568 nm va "bd vai"(shoulder) & 699 nm 1a do
sy c6 mat clia cap trao d6i 1in nhau Fe* - Fe™
ddng thai véi cip chuyén dich dién tich gitta hoa trj
Fe** - Ti** [13]. Cic vach 388 nm, 374 nm va 450
nm ciing déu do su ¢6 mat ciia cap Fe™ - Fe™'. Phd
mot phédn 1én vach ndy 1 dai hdp thu rong 410 nm
va vach 396 nm do su c6 mat clia Cr'*. Nhu vay,
ban chat mdu cia loai saphia dugc nghién ciu cla
Luc Yen la kha phirc tap, do tic dung cla cac tam
mau khac nhau, trong d6 quan trong nhat 1 cic cip
trao ddi Fe™" - Fe’*, cap chuyén dich dien tich giita
hoa tri Fe*" - Ti*" va Cr'*. Phé hap thu clia doi mdu
héng trong saphia phan doi mau Luc Yén (miu
LY9, hinh 2b) cling tvong tu nhu phd clia ruby (hinh
1). Khac biét ¢ day 1a su c6 mat clia vach hap thu
387 nm (cling c6 mat trong phd hdp thu cia doi
mdu lam) do su t3n tai clia cap Fe™ - Fe™.

Trong thuc &, ngodi Cr', trong cdu triic clia
corindon ludn ¢6 mat cla cic tap chat khac nita, lam
chiing déu bi nhudm cic sic thai mdu khic nhau :
tim, tim/lam, lam, nau, tia, da cam... Ruby vi saphia
héng cb anh tim, 4nh tim/lam va 4nh lam 13 khi gam,,
mau cla ching da chuyén din tr mdu do (héng) vé
phia méu tim, do su pha tron cia mdu d6 (hdng) véi
mdu lam (miu lam 13 do sy c6 mat déng thoi cla
cac ion Fe** va Ti*" ¢ ty 1¢ thich hop, theo co ché
chuyén dich dién tich gifta hoa tri). Nhu vay, anh
tim, tim/lam va anh lam ctlia ruby, saphia héng 1a do
trong ruby va saphia héng, ngoai Cr™* con Hn them
cic tap chat Fe** va Ti*". Cac tap chét nay thudong
chiém ty l¢ it hon nhiéu so v&i nguyén t6 tao miu
chinh 1a Cr*. Truong hop ty lé ndy twong duong
nhu trong saphia mdu lam thi lic d6 ruby, saphia
khong con c6 mdu do/hong nita ma chuyén hin sang
han mau tim hodc lam/tim.

Néu trong tinh thé ruby va saphia hdng c6 1an
them Fe™, mdu clia ching s& c6 sic nau, tic A
cuong do méu (chroma) s& gidgm xudng, iam cho
vién da xin di. Nhu vay, anh tim cla ruby va saphia
héng 12 khi gam mdu do hoi chuyén vé phia miu
tim, lam, con sidc médu nau 13 do cudng do mau (do
bao hod mdu) cla méiu dé/héng gidm xuong.

Cac két qua xac dinh thanh phan hoa hoc cla
ruby, saphia héng ¢6 anh tim hoac sic nau Viet
Nam {1, 9, 10, 14] cho thdy c6 su ting cao dong

165



thoi ham lugng cia ca Fe?* (0,06 dén 0,08 %) va
Ti** (0,01 dén 0,03 %) trong nhiéu miu c6 anh tim,
trong khi d6 trong cic miu ruby, saphia hong co
sdc nau chi c6 ham luong cla Fe 1a twong doi cao,
con ham lugng Ti thudng 13 thdp hon mot bac
(0,00n dén 0,01 %). Cic két qua nay phit hop vai
nhitng nhan dinh néu trén vé mdu va sic miu cua
ruby, saphia héng Viét Nam.

1L KET QUA XAY DUNG QUY TRINH XU LY
NHIET RUBY VA SAPHIA HONG CO ANH TIM
HOAC SAC NAU CUA VIET NAM

Ban chat clia phuong phap xu ly nhiet 1a su
dung nhiét do cao va moi trudng xir 1y thich hop
tic dung lén ruby va saphia dé lam thay d6i tinh
chdt (hoa tri) va su phan bd clia cic nguyen t6 tao
mdu trong corindon, din dén sy thay doi vé méu
sdc (va do tinh khiét) cla vien da. Tac dung cia
nhiét 46 lén mdu séc chu y&u thé hién § su gidn no
thé tich (khong gian nguyén tir) cla tinh thé
corindon, thiic ddy cic qua trinh khuéch tan céc
nguyén t6 tao mdu déng déu trong vien di, dong
thoi thic ddy cac phan img hod hoc s& dién ra
trong d6 [5, 6, 12, 15]. Moi trudng xit 1y (oxy hoé
hodc khtt) 14 y&u 16 quyét dinh dén ket qua xir 1y,
diic biét 1a ddi vai loai ruby, saphia nay. Cudng do
oxy hod - khit clia moi truong chi bi chi phdi bdi
4p sudt rieng phin cla oxy tai mot nhiét do nao do.
N6 quy dinh lugng oxy cdn phdi c6 ¢ moi truong
xung quanh tai nhiét do xur 1y corindon | 15].

Nhu vay, bing cich két hgp nhigt do cao va
moi trudng xit 1y thich hop ta co thé lam thay d6i
trang thai ho4 tri cla cic nguyeén t6 tao mdu va tai
phan bé chiing trong cu tric cia corindon, tir d6
mdu sic clia corindon ciing s& thay déi theo.

D& xay dung quy trinh xir Iy ruby, saphia hong
6 anh tim hodc sic nau, chlng toi da thu thap miu
nguyén lieu tir cac ving mo ruby, saphia khic
nhau cta Viét Nam 1a Luc Yen, Quy Chau, Tan
Huong, Km 13, Km 17 (Bdi Mai)... Sau d6 mau
dugc phan loai, mo ta, chup anh va tién hanh céc
phan tich cén thiét (huynh quang tia X tan sic nang
lugng EDS-XRF, microsond, phd hap thu...) Cic
phan tich, mo t4 ndy 13 cg s& dé xac dinh céc thong
$6 cla qua trinh x& 1y nhiét sau ndy. Tiép do, cic
16 miu duge nung xir 1y theo cic quy trinh va cic
thong s6 xir 1y khac nhau. Mau sau xu 1y lai duge
phan chon lai, mé td, va trong trudng hop cén thiét,
tién hanh cac phan tich khic nhau, so sanh dinh
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gi4 voi cac miu doi ching, voi cac két qua mo ta
phan tich truéc xit 1y dé lva chon quy trinh cong
nghé thich hgp cho timg loal mau.

Khi ruby, saphia héng cé dnh tim duge nung
trong moi trudng oxy hod thi anh tim s& gidm
xudng, con néu nung trong moi trudng khir thi dnh
tim s& tang 1én (hinh 3a va b). Diéu nay dugce gidi
thich nhu sau : anh tim hodc tim/lam cua ruby va
saphia héng 1a do sy ton tai ¢ mot luong nho cip
nguyeén t6 tao mdu Ti*"/Fe’* theo co ché chuyén
dich dién tich hod tri gifta ching. Trong moi
truong oxy hoid mot s§ ion Fe’* s& chuyén thanh
Fe*', lic db co ché chuyén dich dien tich Fe*" =
Ti** khong con nita hodc gidm di, thanh phin miu
tim (tim/lam) cling s& gidm di hoic mit han.
Nguoc lai, trong moi trudng khir lugng Fe™ s&
tang len (do Fe™ bi khir), thanh phdn mdu tim
(tim/lam) s& dugc ting cudng (néu trong corindon
c6 di luong Ti cdn thiét). Crom va titan trong
corindon chi c6 mot gi4 tri hod tri (3+ va 4+) va
khong thé thay déi dugc dudi tic dung cda nhiét
d6 va moi trudng.

‘ Ruby, saphia héng anh tim‘
[

T°C
Méi trudng |?é—| Méi trudng
khtr L2 " oxy hoa

[Anh tim giam hozc mat han

Anh tim tang lén

Hinh 3a. So d6 quy trinh xtr ly nhiét ruby, saphia
hong ¢d anh tim (Quy trinh A)

Nhu vay d€ loai bo hodc 1am gidam &nh tim cta
ruby va saphia héng thi ta phai nung ching trong
moi truong oxy hod. Khi 4nh tim giam xudng hoac
bi loai trlr, mdu clia ruby va saphia hdng s& trd nén
tinh khiét hon, va vi vay, chét luong cling tang l&n.
Nhiet do & day chii yéu dong vai tro thic diy qui
trinh oxy hoa, déng thoi lam yéu tam thdi cdu tric
clia tinh thé corindon dé€ qué trinh trén dién ra
nhanh hon.

Khi ruby, saphia héng c6 sdc ndu dugc nung
trong moi trudng oxy hoé thi sic nau s& tang lén,
con néu nung trong moi trudng Khit thi sdc niu s&
gidm xuong. D€ loai bd va lam gidm sic miu nau,
ngudi ta cAn nung ruby va saphia hong trong mdi
truomg khu, toc 1a nguge lai voi qué trinh 4p dung



cho loai c6 4nh tim. Lic ndy ion Fe™ gy ra sic
nau trong ruby va saphia héng s& chuyén thinh
Fe** va khong c6 tac dung tao mdu trong corindon
nifa, vien da s& c6 miu dé/hong tinh khiét :

Nung trong

Fe2+
méi trudng khlr

3
Fe™

LRuby, saphia héng c6 sic néu‘
|

TeC
Méi trudng PO Mai trudng
khtt L==2 I oxy hoa

Sdc nau giam hodc mat hén‘

S&c nau tang lén

Hinh 3b. So d6 quy trinh xu ly nhiét ruby, saphia
héng ¢6 sdc nau (Quy trinh B)

Tu than cac ion Fe”* méi tao thanh nay khong
tao ra sic thai mdu trong corindon, trir khi trong
ruby, saphia c6 mot lugng Ti*" db dé tao ra miu
lam, tim, lam/tim theo co ché& chuyén dich dién
tich gitta hoa trj.

Cic thong s6 cua cic quy trinh trén duoc xic
dinh trén co s anh tim hoac sic nau nhiéu hay it
(dam hay nhat). Mot khi luong mau nhuém khong
mong mudn ndy giam xudng hoac bi loai bd, miu
do s& trd len nhat hon, gdy cam giic nhu 1a mdu
clia ruby bi mat di phdn ndo. Tren thuc t& thi hoan
todn khong phai nhu vay : nguoi ta khong thé loai
b6 hodc Iam gidm ham luong crom co trong ruby
va saphia héng.

Nhu vay, mac dii anh tim, sic nau cla ruby va
saphia héng déu do su tron 14n & cic ty 1¢ khac nhau
cla 3 nguyén 6 tao mdu chinh 13 Cr, Fe va Ti,
nhung mdu va sic mdu cy thé clia ching lai chii yéu
dugc quyét dinh béi trang thai hoa tri clia Fe (trang
théi hoa tri ciia Cr va Ti khong thay di), con cudng
do mdu thi do ham lugng clia cic nguyén t6 gay
mdu quy dinh. Bing céich thay d6i trang thai hoa tri
clia Fe, ta c6 thé tang cudng hoac 1am gidm anh tim
hoic sic niu cua ruby va saphia héng.

Quy trinh x{ ly ruby, saphia hong c6 4nh tim
hoac ¢c6 sic nau bao gém cic nguyén cong cong
nghé sau :

1. Lam sach miu truée xa ly
2. Phan loai va tuyén chon miu

Mai loai mdu dugc nung theo cic ché do khac
nhau, tuong {ng ta s& c6 2 quy trinh : quy trinh A,
ap dung cho loai ruby, saphia c¢6 4nh tim va quy
trinh B, 4p dung cho loai ruby, saphia ¢ sdc nau.

3. Xic dinh cdc thong so'xir Iy nhiét

Cac thong s6 cua qua trinh xir ly ruby, saphia
hong c6 anh tim hodc sic nau duge xac dinh trén
cg sO : anh tim hodc sic nau nhiéu hay it, kich
thudc chung cia nguyén lieu, khi luong méu cdn
xir 1y, ki€u 10 st dung, cic dic tinh khac cla
nguyén liéu xur 1y (d6 ran nit, do chira bao thé...).

4. Chuin bi cic chat phu gia, nap coc nung,
nap 1o va nung xur [y

Moi trudng nung cb vai trd quyét dinh dén ket
qua xt 1y nhiét. Trong mot s6 loai 16 (nhu 10 GL-
Model 181 ctia hing GemlLab), moi trudng nung
duoc khong ché trong qua trinh nung bing cach
thdi cac loai khi khac nhau vio budng nung.

Trong nhiing loai 16 khong ¢6 hé théng khéng
ch€ ché do moi trudng (loai 16 dién Kondo ¢ha
Hang MGF, Nhat Bin), dé€ tao méi truong (oxy
hod hodc khir) cdn thiét, ching t6i di sit dung cic
chdt phu gia khac nhau :

- Hoa chat tao moi truong ding dé€ nung
corindon do cic nha san xudt cung cdp ;

- Cac hoa chit gay oxy hoa hoac khir & trang
thai rin. Mirc do oxy hoa hay khit cia moi truong
tao nén bing cic chdt phu gia ndy dugc xac dinh
bing thuc nghiém [15].

Ti€p d6 miu dugc nap vao cic cdc (chén) nung
c6 nip day, dat vao ving c6 nhiét do dong déu
nhét trong budng 16 va qua trinh xir 1y nhiét bét
dau theo cac thong s6 di xic dinh trudc.

5. Lam sach miu sau khi nung

T4t ca cac 16 xir 1y déu ¢6 méu luu déi chimg
d€ co thé so sanh cic két qua xir Iy, diéu chinh ché
do xit Iy cho céc 16 ti€p theo. Cac thong s6 cuia quy
trinh thuc nghiém xir 1y ruby, saphia héng ¢ anh
tim (Quy trinh A) v sic nau (Quy trinh B) néu
trong bdng 4.

Cac két qua thu dugc cho thdy, trong da s6
trudng hop anh tim hodc sic nau déu gidm xudng
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hodc bi loai bd : 4nh tim gidm hodc bi loai bo trong
70 % truong hop, con sic nau - trong 78 % (ty 1&
tinh chung cho tit cd cic 16 thir nghiém). Chat
lwong clia cic 16 (vien) xi 1y ding theo ché do noi
chung déu tang, thong thudng 14 ting mot cap [7].

Bdng 4. Céac thong so6 thuc nghiém clia quy trinh
xr 1y ruby, saphia hdng c6 anh tim hodc ¢6 séc nau

Ché do xir Iy - Quy winh
A B
__________ (012 s i WA U GV GRS N
it 3h (30'- 6 h)
1:h0| e (phu thuoc vao do nhuom mAu,
u nhiét o

T°C max, kich thudc va
__khoi lugng mAu nung)

T °C max, gig

_th')ng quan trong, phu thuéc

Toc do S > b
. i chi yéu vao do ran niut cua
tang/ha nhiét i YR
i nguyen__}nﬁ:u OB
Oxy hod Khir
(manh hay yéu = (manh hay yéu
Moi truong  phu thudc vao phu thudc vao
anh tim nhiéu | sacnau nhiéu
hay it) | hay it)
KET LUAN

Ruby vi saphia héng tinh khiét chiém mot ty 1¢
khong dang k€ trong céc san phdm khai théc tir cac
mé corindon mién Bic Viet Nam (Luc Yén, Quy
Chau, Tan Huong, Tric Lau). Da phin ching déu
bi nhudm anh tim hoac sac nau vi kho ¢6 the st
dung ngay dé ché tac. Mdu do hoac héng cua ruby,
saphia déu do ion Cr'™ (& chc ty lé khic nhau) gay
nén. Anh tim hodc tim/lam cta ruby va saphia
héng 14 do su c6 mat Cr**, mot luong nhé cap
nguyén (6 tao mdu Ti*"/Fe* theo co ch€ chuyén
dich dién tich hod tri gitta ching : con sdc ndu 1a
do co them ion Fe™",

Nung ruby v saphia héng anh tim (tim/lam)
trong moi trudng oxy hod vi ruby, saphia héng sic
nau trong moi trudng khir ¢o the lam giam hoac
loai bo cac sic miu khong mong muén nay.

Quy trinh xir Iy nhiét loai ruby, saphia adm cic
cong doan sau : 1) Lam sach miu trude xu 1y ;
2) Phan loai va tuyén chon mu ; 3) Xéc dinh cic
thong s6 xi 1§ nhiét ; 4) Chudn bj chdt phu gia, nap
16 vi nung xir Iy ; 5) Lam sach miu sau khi nung.
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Cac thong s6 chinh cla quy trinh xtr 1y 1&: nhiét
do xir 1y 1100 - 1300 °C; thoi gian x{ 1y trung binh
3'h ; t6c do tang va gidm nhiét do phu thuoc vao
d6 ran niit cia miu.

LJi cam on : Bai bio dugc hoan thanh trong
qua trinh thuc hién dé tii cdp Bo Cong nghigp
"Nghién clru cong nghé xir 1y nhigt nhdm nang cao
chat luong ruby, saphia Viet Nam, dé tang gid tri
sin phdm, tan thu triét dé tai nguyén khodng sdn O
cic mo di qu§ Viet Nam" va Dé tai nghién clu co
bin s6 711804 (Hoi déng Khoa hoc Ty nhién). Tic
gia xin chan thanh cam on.
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SUMMARY

The study of colorations of rubies, sapphires in
some Vietnam gemstone deposits and the heat
treatment technology

Red rubies and pink sapphires are coloured by
dispersed ions Cr*, and blue sapphires — by
intervalence-charge-transfered (IVCT) ions Fe? -
Ti**. Al these colouring elements are
isomorphically replacing AFP* ions in the structure of
corundums. But pure red rubies and pink sapphires
mined from some Vietnam corundum deposits (Luc
Yen and Quy Chau) which can be used directly
after mining are very rare, Usually they are tinged
in purplish or brownish tints. The study of the
author and others [1-3, 5, 9, 10, 14] has shown that
the purplish overcasted coloration of Vietnam
rubles and pink sapphires is due to simultaneous
presence of dispersed ions Cr** and IVCT ions Fe?*
- Ti* (change in hue), and the brownish tint (change
in tone) — due to jons Cr** together with Fe®*
(without Ti jons). The absarption spectra (figures 1
and 2) and microprobe results (tables 1 and 2) of
rubies and pink sapphires have shown the presence
of these colouring elements in the structure of
Vietnam corundums. In the purplish rubies and pink
sapphires the content of Fe?* ranges from 0,06 to
0,08%, Ti** - from 0,01 to 0,03 % - in brownish

rubles and pink sapphires the content of Fe® ions
is relatively high (0,0n%) while the Ti4+ ion content
is usually one order lower (0,0n%). These
overcasted tints lower considerably the quality of
mined Vietnam corundums.

By applying appropriate technology of heat
treatment one can diminish or remove these
unwanted overcasted colorations. Based upon
experiments the author has found that the
technological process of heat treatment of this type
of corundums includes the next steps :

a. Prior-heat-treatment cleaning of samples
b. Classification and sorting of samples
¢. Determination of heat treatment parameters

d. Preparation of additives, loading crucibles,
loading furnace and heating

e. Post-heat-treatment cleaning of samples

The optimal parameters for this process of heat
treatment are as follow :

- The maximum heating temperature : 1100 —

1300 °C ;

- The average duration of soaking at the maximum
heating temperature : 3 hours {from 0,30'to 6 h) ;

- The rate of temperature increase/decrease:
not important, depending on how the crude
material is flawed.

- The heat treatment environment for purplish
rubies and pink sapphires is oxidizing and for
brownish ones — reducing. :

During the process of heat treatment of purplish
rubies and pink sapphires the Fe? is oxidized to
Fe¥, and during the process of heat treatment of
brownish rubies and pink sapphires, vice versa,
Fe® is reduced to Fe?, thus these overcasted
colorations are diminished or excluded,

All the lots of rubies and sapphires
experimentally heat treated according to this
process have been at least one grade improved.

Ngay nhén bai : 03-3-2003

Truong dai hoc Khoa hoc Tw nhién -
Bai hoc Quoc gia Ha Noi
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