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Abstract
Evaporative crystallization of nano-particles involves a complicated multiphase mass and heat transfer process that is dependent on the crystal

size in a temperature field. It becomes more complicated for the crystallization of ZnSe powders using this method because of multiprocesses

including sublimation, crystallization, and decomposition. This work reports our preliminary studies on the evaporation process to two different

sizes of ZnSe powders. We investigated the influences of crystal size on mass depleted between 200 and 800 8C. On the basis of our experimental

data, a model of mass depleted of ZnSe nano- and micro-powder was proposed.
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1. Introduction

ZnSe is an important semiconductor with a typical wide

band gap of 2.58 eV which has excellent optical properties for

blue light laser diodes, infrared laser diodes, and photoelectron

devices [1,2]. ZnSe thin film is an important material of

photoconductive and fluorescence devices. As a result, its

preparation has been studied extensively. The property of

powder mass depleted in temperature field is investigated using

flash evaporation method which is simple and inexpensive as

compared with some traditional film methods such as molecular

beam epitaxy (MBE), sputtering, deposition from binary

vapors, etc. There are various film materials that have been

obtained by flash evaporation method [3–5]. And the

preparation technology and method of superfine particles

was well established in recent years [6–10], especially

concerning the nano-sized powder [11–15]. Flash evaporation

and evaporative crystallization is a complicated multiphase

mass and heat transfer process [16]. In a given temperature

field, the behaviors of nano-sized powders are complicated

since evaporation, sublimation, decomposition and crystal-
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lization happen simultaneously, and these properties also have a

relationship with the powder size.

In this work, ZnSe powder is chosen as a target material to

study the mass depleted in temperature field. There are several

methods [17–20] to obtain ZnSe nano-sized powder, while the

method reported in this work is simple which can be expanded

to industrialize nano-sized powders.

2. Experimental procedure

Zinc and selenium powder with a nominal purity of 99.999%

were used as the starting materials. Given amounts of Zn and Se

powders with an atomic ratio of 1:1 was added into the

hardened steel vial that contains several steel balls. Powders

after milling for 10 and 50 h were chosen in this experiment.

The 10-h-milled powder was annealed at 400 8C for 1 h. X-ray

diffraction curves of the samples were measured using

apparatus (Rigaku, RAD) with Cu Ka radiation (1.54065 Å).

Three parts of ZnSe powders were used as experimental

materials to study the mass depleted in temperature field.

Thermogravimetry (TG) was measured by TGA/SETA851e.

These powders were first heated at 100 8C for 30 min to remove

the absorbed water. Then the temperature began to increase

from 100 to 800 8C in 7 min with an aim to simulate a flash

evaporation condition. All powders were protected under

nitrogen environment during the TG experiment.
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Fig. 1. XRD of three difference mean sizes powder, ZnSe-M is the one that 10-

h-milled powder taken an anneal process, ZnSe-10 h and ZnSe-50 h are the

powders that have been milled for 10 and 50 h, respectively.
Fig. 2. Mass loss curve (MLC) of micro-sized powder and the simulation.

Fig. 3. Mass loss curve (MLC) of 10-h-milled powder and the simulation.
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3. Results and discussion

X-ray diffraction patterns of the samples (Fig. 1) indicated

that the milled ZnSe powder crystallized in a sphalerite

structure with no traces of other byproducts. The samples were

pure ZnSe except for a minor amount of ZnO in 50-h-milled

powder, which did not influence the mass depleted property of

ZnSe. Table 1 shows the mean sizes estimated by XRD curve.

XRD patterns of the first two powders demonstrate the mean

size of powder is at nanoscale and that of the last one is at

micron level. Although, the data showed in Table 1 cannot give

precise powder size, these data can be used to compare the sizes

of powder. It is clear that the particle of 50-h-milled powder is

smaller than 10-h-milled powder, and the particle of annealed

powder is much bigger than the others. In Fig. 2, the curve is of

annealed powder which is named ZnSe-M; the mass loss curve

(MLC) is linear, which demonstrates there is only one process

of evaporation; the powder is steady enough in this temperature

field. The simulation expression is given in the inset, in which

the parameter (a) is related to flash evaporation velocity and (b)

is related to the initiation temperature of analysis. Figs. 3 and 4

show the MLC of 10-h-milled powder and 50-h-milled powder.

And these two curves can be analyzed to two different rules.

The linear loss is caused by evaporation, while the nonlinear

loss is caused by decomposition and crystallization. The

nonlinear loss of 10-h-milled powder only appeared between

450 and 600 8C, while that of 50-h-milled powder appeared

between 400 and 550 8C Comparing these two mass loss curves

relative to two different mean size nano-powders showed in

Figs. 3 and 4, the linear mass depleted is weaken and the

nonlinear mass depleted is scaled up in Fig. 4. The nonlinear
Table 1

Mean sizes of the three powder calculated by XRD

Samples Mean size (nm)

ZnSe-M 453.54

ZnSe-10 h 96.1

ZnSe-50 h 88.3
mass loss of 10-h-milled powder is 28% in the whole loss, and

that of 50-h-milled powder is 60.7%. Math simulations of these

two curves shared the same expression except for the

parameters (a), (K) and (Xc). The parameters in math simulation

expression have different physical meanings: (a) is the mass
Fig. 4. Mass loss curve (MLC) of 50-h-milled powder and the simulation.
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depleted of nonlinear loss. (K) is the parameter of temperature

velocity, because the condition of TG experiments are the same,

(K) is also the same for two curves. (Xc) is the center

temperature of the nonlinear process, which shows the

nonlinear mass loss shift towards low-temperature area

compared 50-h-milled powder with 10-h-milled powder. It is

the evidence that the mean size of the powder has relationship

with the flash evaporation property. Nano-sized powder has a

lower decomposition and crystallization temperature.

4. Conclusions

The mean size of powder has an effect on the property of TG

in flash evaporation temperature field. The mass loss curve is

different between micro-sized powder and nano-sized powder;

there is only linear loss curve of micro-sized powder, and the

curve of nano-sized powder is added by two different rules. The

center temperature of nonlinear loss is related to the mean size

of powder. Compared 50-h-milled powder with 10-h-milled

powder, there is a shift of 50 8C towards lower temperatures.

The mass loss curve has been simulated and the linear and

nonlinear curves are fitted to obey an expression of a(x � b) and

a/1+e�k(x � X
c
).
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