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A b s t r a c t .  L ithium  Auoride (LiF) therm olum inescent povvder doped w ith Mg, Cu, Na, and Si 

as activators vvas prepared. X-ray d iíĩraction analysis indicated that doping LiF vvith different 

activators m akes crystal lattice som ew hat expand. The dosim etric properties o f  the povvder were 

studied. T he main dosim etric peak o f  LiF:M g,Cu,N a,Si appeared in the range o f 2 2 7 -2 4 7 °C  and 

the ratio  o f  the height o f  the main peak to that o f  the other sm all peaks in the LiF:M g,Cu,Na,Si 

is m uch greater than that in the LiF:M g,Ti and LiF:M g,Cu,P. The preparation conditions such

as annealing tem pcrature and duration, annealing atm osphere, doping vvith d iíĩerent activators

etc. vvere investigated.

1. In tro d u c tio n

L iF -b a se d  th e rm o lu m in e s c e n t (T L ) m a te r ia ls  a re  w id e ly  u sed  as a  p e rso n a l d o s im e tr ic  m a te - 

ria l becausc o f  th e ir  lovv energy depenđence, high sensitiv ity , s ta b ility  and tissue equivalency. The 
therm olum inescent dos im etry  (T L D )  m ateria l based on L iF  that has been studied most extens ive ly  is 
L iF :M g ,T i, w h ich  is vvidely used in personal dosim etry and availab le  in  the market under trade names 
like  T L D -1 0 0  and its varia tions (T L D -6 0 0  and T L D -7 0 0 ) [1 ].

A ltho u gh  L iF :M g ,T i has proven to be a useíul m ateria l fo r T L D , many researches fo r deve lop ing  
the more advanced T L  m ateria ls have been accom plished. N akạ ịim a  et al. [2 ] vvere the firs t to describe 
the properties o f  L iF  doped vvith M g, Cu and p im purities. T h is  T L  m ateria l com bines tw o  a ttractive  
properties, nam ely, a h igh  sens itiv ity  and a good tissue equivalency. T h is  L iF :M g ,C u ,P  m ateria l has 
been im proved and com m ercia lized by Chinese (G R -200), Japanese (N T L -5 0 0 ), Polish (M C P -N ) and 
U S A  (T L D -6 0 0 H  and T L D -7 0 0 H ) [3].

In the 1980s, K im  et al. developed a powdered type o f  L iF  doped w ith  fou r dopants: M g , Cu, 
N a and Si [4|. T h is  T L  povvders have about 2 times h igher se ns itiv ity  in  com parison w ith  L iF :M g,C u,P . 
The L iF :M g ,C u ,N a ,S i m ateria l w ith  linear T L  response over a w id e  do se range, low  residual s ignal, and 
good s ta b ility  to  heat treatm ent is found to be a p rom is ing  m ateria l fo r therm olum inescent dosim etry.
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In  the present w o rk , we prepared L iF  povvders activated w ith  M g , Cu, N a and Si and studied 
the dependence o f  the g lo w  curve and the T L  in tens ity  on therm al treatm cnt and thc concentration o f  
the dopants. The  L iF :M g ,T i and L iF :M g ,C u,P  powders were prepared fo r comparison.

2. Experimental

Four k inds o f  L iF  powders have been prepared. Undoped L iF  was prepared by means o f  the 
reaction:

L iC I + H F  — + L iF  +  HC1 (1)
The precip ita ted L iF  was filte red , washed repeatedly and dried.
L iF :M g ,T i powders were synthesized by  co -p rec ip ita tion  m ethod [5]. Aqueous solutions o f  

L iC l,  M g C l2  and T i +  H F  w ith  required concentration were incorporated. The m ateria l precipitated 
was íilte re d , washed, dried, and was subjected to  therm al treatm ent in an oven at 640°c fo r 1 hour, 
and then was annealed at 400°c  fo r 1 hour.

L iF :M g ,C u ,P  povvders were prepared by  the same method lik e  in  |6 Ị. Aqueous solutions o f  
M g C b , C u C lí, and (N H 4 )2 H 2 P0 4  w ith  required concentration were added to L iF  precip ita ted by 
reaction (1). The  m ateria l obtained was washed, dried, and was annealing in  an oven at 700 ° c  fo r 1 
hour, and then at 240 °c  fo r 10 m in.

The  synthesis process fo r L iF :M g ,C u ,N a ,S i T L  pow ders is as fo llo w s  [7]. The host L iF  material 
was m ixed vvith the compounds conta in ing  required activators M g C l2 , C uC Ỉ2  and N a 2 SiC>3 in  d is tilled  
water. The m ix tu re  was m ixed on a magnetic s tirre r and was then dried at 150 ° c  fo r 15 hours. The 
dried m ateria l was annealed at temperature range o f  750-850  ° c  fo r in terva l o f  10-40 m inutes and then 
it was q u ic k ly  cooled to room  temperature. F ina l product was pu lverized , sieved to  select grains having 
sizes in  the range o f  60-150 /im . A ccord ing  to  (4, 7], the op tim um  concentration o f  the activators in 
pow der-fo rm  L iF :M g .C u ,N a ,S i m ateria l were found to be M g : 0.6 m ol% , Cu: 0 .6 -0 . 8  m ol% , Na: 
1.8 -2 .0  m o l%  an d  Si: 1 .8 -2 .0  m ol% . In  th c  p re s e n t w o rk , w e  p re p a rc d  L iF  p o w d c r  ac tiv a tc d  w ith  M g

0.2-1.0 m ol% , Cu 0.2-1.0 m ol% , NaSi 1.6-2.4 moI%  (N aS i was considered as a s ing le  dopant and its 
concentration was calculated as to ta l o f  N a and Si because the com pound N a 2 SiC>3 .9 H 2 0  was added).

The X -ra y  d iffrac tio n  (X R D ) pattems o f  fou r k inds o f  the above m entioncd specimens were 
obtained by using C u -K a  (A =  0.154056 nm ) irrad ia tion  on an X -ra y  d iíĩrac tom ete r D5005, Bruker, 
Germany. The  specimens were irradiated by h igh  energy rad iation. The X -ra y  source o f  20 k V  -  1 

m A  was used as an irrad ia tion  source. Irrad ia tion  duration  was 3 m inutes. The T L  glovv curves o f  the 
samples were measured by using a Harshaw m odel 3500 T L D  reader with a linear heating rate o f  2 - 
5 ° c /s  in  tem perature range from  50 ° c  to  360 ° c .

3. R esu lts  and  d iscuss ion

F igure 1 shovvs X R D  pattems o f  fou r k inds o f  the L iF  powders. As shown in Fig. 1, a ll the 
X R D  pattems can be w e ll indexed to the face centered cub ic  structured LiF. In the X R D  spectra are 
observed d ifFraction peaks from  ( 1 1 1 ), ( 2 0 0 ), (2 2 0 ), and (311) crystal la ttice  planes.
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Fig. 1. XRD pattem s o f  four kinds o f  LiF pow ders. a) U ndoped LiF, b) LiF:M g,Ti, 
c) LiF:M g,Cu,P, and d) LiF:M g,Cu,N a,Si.

Table 1. Crystal interplanar spacings and lattice constants for four kinds o f  LiF povvders.

Sample r fm (n m ) GỈ2 oo(nm) d2 2 o(nni) o(nm )
ưndoped L iF 0.23267 0.20148 0.14245 0.40296
L iF :M g ,T i 0.23273 0.20154 0.14247 0.40305
L iF :M g ,C u ,P 0.23279 0.20166 0.14253 0.40322
L iF :M g,C u,N a ,S i 0.23291 0.20171 0.14261 0.40340

Table 1 shows the values o f  crystal in te rp lanar spacing and la ttice  constants fo r the fou r k inds 
o f  L iF  powdcrs. From the table, it  can be seen that dop ing  L iF  w ith  d iíĩe ren t activators makes crysta l 
la ttice  somewhat expand. The la ttice constant o f  the undoped L iF  is 0.40296 nm , vvhile the la ttice  
constant o f  the L iF :M g .C u ,N a ,S i is increased to 0 .40340 nm , i.e. is increased 0.1 %. The reason fo r 
the la ttice  expansion is maybe that the dopant atoms occupy in tcrs ite  positions or the dopant atoms 
rep lacing those o f  the host la ttice  have b igger a tom ic rad ii than that o f  the host la ttice  atoms.

F igure 2 shows the T L  g lo w  curves o f  the L iF  powders w ith  the op tim um  concentration o f  
dopants: L iF  (0.013 m ol%  M g , 0.0003 m ol%  T i) ,  L iF  (0.05 mo!% M g, 0.004 m ol%  Cu, 2 m ol%  P) 
and L iF  (0.6 m ol%  M g, 0.6 m ol%  Cu, 1.8 mo)% N aS i). A s  can be seen from  the fìgure  that the g low  
curve o f  L iF :M g ,C u ,N a ,S i pow der shows some peaks in  the range from  0 to 350 °C : the m ain peak 
usua lly  used in  dosim etry appears at 247 ° c  and the o ther sm all peaks are at 150, 205, and 280 °c. 
Com paring  (he g low  curves shown in Fig. 2, one can note that the ra tio  o f  the height o f  the m ain peak 
to  that o f  the other small peaks in  the L iF :M g ,C u ,N a ,S i is much greater than that in  the L iF :M g ,T i and 
L iF :M g,C u,P . T h is  property makes L iF :M g ,C u ,N a ,S i become an excellent m ate ria l useđ in  dosim etry.

In  order to find  optim um  preparation cond itions, the sample L iF : 0.6 m ol%  M g , 0.6 moI% Cu, 
and 1.8 m ol%  NaS i was annealed in  N 2  gas f lo w  w ith  a rate o f  6  1/min at various temperatures: 750, 
800, 830, and 850 ° c . The  results shown in  Fig. 3 ind icate  that annealing tem perature has s trong ly  
afFected the T L  in tensity  and the g lo w  curve structure. A t annealing temperature o f  800 ° c ,  the 

in tens ity  o f  the m ain peak reaches a m axim um  value.



228 V.T.T. Ha et al. /  VNU Journaỉ o f  Science, Mathematics - Physics 23 (2007) 225-231

Temperature (°C)

Fig. 2. G low  curves o f a) LiF:M g,Ti, b) LiF:M g,Cu,P and c) L iP tM g.Cu.N a.Si powders.

Temperature (”C)

Fig. 3. G low  curves o f LiF(0.6 m ol%  Mg, 0.6 m ol%  C u, 1.8 mol% N aSi)
T L  povvder annealed in N 2 gas flow w ith a rate o f  6 1/min at various tem peratures.

A cco rd ing  to [8 ], annealing atmosphere may m o d iĩy  T L  glovv curve shape, and so annealing 
in inert atmospheres (he lium  (He) or n itrogen (N ỉ) )  has been recommended to avoid  the changes that 
were observed w hen the (L iF :M g ,T i)  T L D -1 0 0  chips vvere annealed in air. O n thc contrary, authors 
[9, 1 0 ] have reported that no s ign ifican t d iíĩerences were found between g lo w  curve shapcs o f  T L D -1 0 0  
chips annealed e ithe r in  He, N 2  o r in  air. It may be o f  interest to investigate the in íluence o f  annealing 
atmosphere on T L  g low  curve o f  our L iF :M g,C u,N a ,S i powder. The  powders were annealed at 800 
°c  fo r  15 m in  in  a ir (no N 2  gas flow ed) and in  N 2 gas f lo w  w ith  d iíĩe ren t rates. A fte r  irrad ia tion  w ith  
X -ray, g low  curves o f  the powders were recorded in air. Fig. 4 illustra tes g low  curves o f  L iF  (0.6 
m ol%  M g , 0.6 m ol%  Cu, 1.8 m ol%  N aS i) T L  powder annealed at 800 °c  fo r 15 m in  as a íunction  o f  
N 2 f lo w  rate. The results shown in Fig. 4 ind icate that annealing atmosphere has strong ly affected the 
T L  in tens ity  and glovv curve structure. The powders annealed in N 2  f lo w  have stronger T L  in tensity  
than the powders annealed in a ir do. From the íìgure, it  can be seen that the op tim um  N 2 f lo w  rate is
4 1/min. The he ight o f  the m ain peak in the sample annealed in N 2  f lo w  rate o f  4 l/m in  is 10 times 
greater than that in  the sample annealed in  air.

A nnea ling  tim e  is an im portant factor as vvell. Fig. 5 shows the glovv curves fo r 1.5 g  o f  L iF  
(0.6 m ol%  M g, 0.6 m ol%  Cu, 1.8 m ol%  N aS i) T L  pow der annealed at 800 °c in N 2 gas f lo w  w ith  
the rate o f  4 l/m in  fo r various tim e  intervals: 10, 20, 30, and 40 m in . From Fig. 5 and the inset on it, 
it  can be seen that fo r a sample amount o f  1.5 g the op tim um  annealing tim e in tervals at 800 °c  are 

2 0 - 3 0  m in.
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Fig. 4. G low  curves o f  LiF(0.6 mol% Mg, 0.6 m ol%  Cu, 1.8 mol% N aSi) 
T L  pow der annealed at 800 °c for 15 min as a íunction o f N 2  gas flow rate.

Fig. 5. G low curves o f  L iF(0.6 m ol%  Mg, 0.6 mol% Cu, 1.8 m ol%  N aSi) T L  povvder annealed at 800 °c 
in N 2  gas flow rate o f  4 l/m in for various tim e intervals: a) 10, b) 20, c) 30, and d) 40 min.

A fte r  annealing process, the powder was stuck together and had the same blue-green co lou r as 
that o f  CuClo. The h igher C u concentration was, the co lour was darker. It  seems that the Cu dopants 
d iffused  not com p le te ly  in to  L iF , the excess Cu dopant compound agglutinated to  the surface o f  the 
L iF  crysta llites. Then the pow der was washed w ith  HC1 so lu tion . A fte r  w ashing w ith  HC1 so lu tion  
the co lou r o f  the L iF :M g ,C u ,N a ,S i T L  powder was b lu ish , but tum ed w h ite  and the crys ta llites  were 
separated from  each other (F ig. 6 ). It indicates that the excess Cu com pound was d isso lved out o f  the 
pow der during  the HC1 treatm ent.

In the povvder w ith o u t H C l treatment, the excess Cu compounds are not T L  m ateria l but are 
an obstacle to the em ission o f  T L , so T L  in tensity  o f  th is  pow der was weak. For the pow der a fter 
treatm ent vvith HC1 so lu tion , in  w h ich  the excess Cu com pound was dissolved out o f  the powder, T L  
in tens ity  becomes ev iden tly  stronger (F ig. 7).

The p re lim ina ry  s tudy on the effect o f  the dopants in  L iF :M g ,C u ,N a ,S i T L  pow der upon T L  
g lo w  curve indicated tha t dop ing  w ith  activators has s trong ly  aíĩected the T L  in tens ity  and the g Iow  
curve structure o f  the powder. F ig. 8  illustrates g low  curves o f  L iF  T L  powders undoped and doped 
w ith  d iíĩe re n t activators. In  the g iow  curve o f  the undoped L iF  sample, the o n ly  strong peak was 
observed at 140 °c. For the L iF :C u ,N aS i sample, tw o  strong peaks were observed at 140, 212 °c, 
w h ile  in the g lo w  curve o f  the L iF :M g ,N a S i sample, 3 strong peaks were observed at 185, 230, 292
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Fig. 6. T he optical microscope images o f  LiF:M g, C u,N a,Si TL povvder: 
a) B eíore vvashing with HC1, b) A fter vvashing w ith HC1.

Temperature (*C)

Fig. 7. Glovv curves o f  LiF:M g,Cu,N a,Si T L  povvders: 
a) Beíore w ashing with HCI solution, b) A fter w ashing w ith HC1 solution.

° c .  For the L iF :M g ,C u  sample, 2 overla id strong peaks vvere observeđ at 240, 253 ° c .  Especially, the 
g lo w  curve fo r L iF :M g ,C u ,N aS i sample exhib its very strong dos im etric  peak at 228 °c. The eíĩect o f  
the dopants in  L iF :M g ,C u ,N a ,S i T L  povvder upon T L  g lo w  curve w il l  be reported in  deta il in other 
paper.

4. C o n c lu s io n

L ith iu m  ílu o ride  (L iF )  therm olum inescent povvder doped w ith  M g, Cu, Na, and Si as activators 
vvas prepared. X -ra y  d iữ rac tion  analysis indicated that the L iF  has the face centered cubic structure 
and dop ing  L iF  w ith  d iíĩe ren t activators makes crystal la ttice  somewhat expand.

The dos im etric  properties o f  the povvder were studied. In the T L  g !ow  curve o f  L iF :M g,C u,N a ,S i 
pow der the m ain dosim etric  peak appeared in  the range o f  227-247 ° c  and the ra tio  o f  the height o f  
the m ain peak to that o f  the other sm all peaks is rather great.

In order to  ob la in  h igh sensitive L iF :M g ,C u ,N a ,S i T L  powder, the op tim um  preparation condi- 
tions have been found. The optim um  annealing treatm ent was to  be at 800 ° c ,  fo r  2 0 -3 0  m in  in N 2  

gas f lo w  w ith  rate o f  4 l/m in . A fte r  annealing treatm ent, the samples were vvashed w ith  HC1 solution.



V.T.T. Ha et al. /  VNU Journal o f  Science, Maihematics - Physics 23 (2007) 225-231

50 100 150 200 250 300 350 400

Temperature <aC)

Fig. 8. Glow curves o f  LiF T L  povvders undoped and doped w ith d iíĩe ren t activators.
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