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Abstract: The fluorescent powder contributes to up to 3% weight of compact fluorescent lamps, a
significant portion of which contains rare earth elements such as yttrium and europium. These lamps are
not recycled after usage, while they can be a good source for these elements. In this study, investigation on
the process of dissolution and precipitation of yttrium and europium by hydrochloric acid and oxalic acid
was targeted in order to find the optimal operating conditions. By measuring the pH changes, factors such as
temperature, time, acid concentration, and solid-to-liquid ratio were determined to achieve the best leaching
conditions. In addition, in the precipitation stage, the rinsing effect of yttrium hydroxide gels on increasing
the purity of the product was investigated. The best leaching conditions were obtained by hydrochloric acid
at 75 0C for at least 30 minutes and a solid-to-liquid ratio of 15 g/l in 0.3 M acid solution. The maximum
precipitation of yttrium and europium oxalate, was obtained at pH=7. Rinsing the hydroxide gel by distilled
water increased the purity of the product by more than 97% for the total of yttrium and europium, while
97% of europium and 99% of yttrium were recovered in the product.

Keywords: Yttrium, Europium, Hydrochloric acid, Oxalic acid, Fluorescent powder.

INTRODUCTION

Compact fluorescent lamps have been widely used over the last two decades. Three percent of the weight
of a fluorescent lamp is consisted of fluorescent powder in which the rare earth elements such as yttrium,
europium, cerium, terbium, and lanthanum exist [1]. This powder is a combination of three components
called red, green, and blue phosphorus. Fluorescent lamps contain high concentrations of mercury and
do not lose their toxic properties upon disposal. Separation of mercury is expensive and therefore, by
recovering the valuable rare earth elements of this type of lamps, costs are compensated. Leaching and
precipitation methods for recovery of rare earth elements from secondary sources are almost similar to their
recovery from ore materials [2,3]. Optimal operating conditions, and the maximum possible recovery and
iiti were unknown in previous studies of extraction of rare earth elements from fluorescent lamp powder.
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In this study, an attempt was made to determine the least temperature required for the process to consume
less energy. Also, by examining the pH changes during leaching experiments, the appropriate operational
parameters of leaching were determined. In the precipitation process, in addition to determining the required
values of chemical reagents, the effect of rinsing the gel on increasing the grade was investigated.

METHODS

The experimental method was as follow: For each experiment, a solution with a specific molarity of
hydrochloric acid was made and then the fluorescent powder was added. At the end of the experiment, the
yield and pH of the solution were calculated. At this stage, the effect of five parameters of acid concentration,
temperature, time, solid to liquid ratio, and pH were investigated.

During the precipitation phase, yttrium hydroxide gel was produced by increasing the pH. Oxalic
acid was then used for precipitation. In another section, the effect of rinsing the yttrium hydroxide gel by
distilled water was evaluated. The fluorescent powder was prepared from Afrogh factory in Mashhad, Iran.
The results were analyzed by XRF and ICP-AES.

FINDINGS AND ARGUMENT

Results of factors affecting the leaching are described in the following section (Figure 1).

Effect of acid concentration: At a concentration of 0.2 molar acid, the pH reached to 6 due to high
consumption of [H*]; but by increasing the acid concentration to 0.3 molar, the presence of a large amount
of [H'] in the environment caused the pH to decrease.

Time effect: The results showed that more than 60% of the feed was dissolved very quickly in the first
30 minutes. After 30 minutes from the start of the process, the changes in recovery and pH stopped. This is
attributed to the finish of red phosphorus in the environment.

Temperature effect: Up to 70 °C, due to the low pH, the leaching process is in the range of yttrium ion
stability. As the temperature rises, the pH (due to [H*] consumption) goes into the out-of-stability zone of
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Figure 1. A: The effect of acid concentration on leaching, B: The effect of time on leaching, C: The effect of solid to
liquid ratio on leaching, D: The effect of temperature on leaching
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the yttrium ion in the solution. In this case, the yttrium ion will not be present in the solution and it form

the yttrium hydroxide.
solid/liquid ratio

Solid-liquid ratio effect: In > 504/ values, leaching was performed. However,
M

Acid concentration

due to insufficient concentration of [H], the dissolution rate of yttrium oxide was low and it increased the

solid/liquid ratio

pH of the environment. In < 504/, values, adequate concentration of [H'] existed for

Acid concentration i

yttrium oxide dissolution; and the pH of the environment remained approximately at 2.

Suitable pH for the production of yttrium hydroxide gel: The amount of sodium hydroxide solution
used to increase the pH from 6.33 to 7 is more than 4 times the amount of NaOH consumed at pH less than
3. This type of change is caused by the consumption of hydroxide to produce citric hydroxide crystals,
which due to rapid growth are produced in an incomplete state and eventually take on the form of white
jelly. The ICP analysis of the residual effluent on the gel indicated the presence of very small amounts of
yttrium and europium at pH =7. Therefore, it can be said that pH =7 is suitable for gel production.

Amount of oxalic acid and pH suitable for precipitation: Oxalic acid reacts with yttrium and then
oxalate concentrate is precipitated. The pH chart resulting from the gradual addition of oxalic acid to the
system has two main parts (Figure 2): A. Gradually adding about 1.3 grams of oxalic acid to the solution: In
this section, due to the reaction of the hydrogen ion produced by the oxalic acid with the citric hydroxide in
the gel, the pH of the solution is almost constant. B. Adding more than 1.3 grams of oxalic acid: A sudden
decrease in pH indicates the end of the oxalate reaction with the hydroxide, and the extra [H *] acidifies the
solution. The results showed that 1.3 grams of oxalic acid were enough for 5 grams of fluorescent powder;
And by reaching pH=7, the precipitation ended.

pH
8

. \
w

0 0.4 0.8 1.2 1.6
Oxalic acid (g)

Figure 2. pH changes of the solution containing the gel due to the gradual addition of 1.5 grams of oxalic acid

Suitable pH for washing yttrium hydroxide gel was at pH>7. The best condition for the production of
yttrium hydroxide gel and deposition of oxalate concentrate was at pH = 7.

The effect of leach solution exchange with distilled water on the grade: Examination of the concentrate
by XRF analysis revealed that two impurities, SO, and Al,O,, were removed after one wash; and the amount
of other impurities has decreased (Table 1). Na,O was completely eliminated after six washes and Cl was

greatly reduced after six washes (Table 2).

Table 1. The effect of leaching solution on the grade; Table 2. The effect of sedimentation optimization; A:
A: sedimentation in an environment containing leach Ordinary Sedimentation, B: Sedimentation with one
solution, B: sedimentation in distilled water environment gel wash, C: Sedimentation with six times gel washing

LOI NaZO A1203 SO3 Cl Y&Eu NaZO A1203 SO3 Cl Y&Eu
D) | B) | (o) | 0) | ) | (%) (%) (%) (0) | (%) (%)
A | 567 | 143 0.13 | 0.06 | 3.25 | 32.26 A 23 0.2 0.1 7.3 89.6
B | 582 | 0.88 - - 2.94 | 37.87 B 1.4 0 0 6.8 91.3
C 0 0 0 1.5 97.4
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CONCLUSIONS

The best leaching conditions were obtained by hydrochloric acid at 75 °C for at least 30 minutes and a
solid-to-liquid ratio of 15 g/l and acid concentration of 0.3 M. Washing the gel with distilled water increased
the total purity of yttrium and europium by more than 97%, which is higher than all previously reported
cases. In addition to the high purity of the product, a recovery of 97 and 99 percent was achieved for
europium and yttrium, respectively. A significant amount of rare earth elements, including cerium, terbium,
and lanthanum, are enriched in the waste section. It is suggested that a comprehensive study examines the
possibility of recovery of those elements.
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