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Introduction:  In our solar system, all rocky 

planets [1-3] and CM, CO, and CV chondrites [4] 

contain near-solar proportions of refractory elements 

but are depleted in volatile elements [5,6]. 
The maximum temperature, and radial temperature 

profile in a protoplanetary disk is important for the 

condensation of different elements in the disk [7]. We 
simulate the evolution of a set of protoplanetary disks 

from the collapse of their progenitor molecular cloud 

cores as well as the dust decoupling within the disks as 

they evolve. We show how the initial properties of the 

cloud cores, i.e., angular velocities and temperatures, 

and viscosities in the disks affect the thermal history of 
the protoplanetary disks using a simple viscous disk 

model and their effects on the compositions of 

planetary building blocks. 

Method: Our simulations begin with the collapse 

of a molecular cloud core (MCC), which self-

consistently evolves into a protoplanetary disk [8]. 

With the distribution of initial condition of the MCC, 

we provide the distribution of the maximum 

temperatures in the disks. Then we model the 

condensation of elements by using chemical 

equilibrium calculation method. 

Disk evolution model. We adopt the disk model 

used by Li & Li [8] to calculate the evolution of the 

disk. The evolution of surface density is  
     

 
 

 
  

,
1

32,

,
3,

21

21

2121


















































tRR

tRR

tR

R
tRS

tRSR
R

R
RRt

tR

d

d

d

  

where  tR, is the surface density at radius R  and 

time t  while  is the kinematic viscosity,  tRS ,  is the 

mass influx from the MCC onto the disk and protostar 

system [9], and  tRd  is the centrifugal radius. In the 

evolving disk, we calculate the midplane temperature 

 tRT ,  and pressure  tRP , . 

We use the  -prescription [10] to calculate the 

viscosity, each simulation uses a constant  , and the 

suite of simulations examines values equal to 10-1, 10-2, 

10-3, 10-4, and 10-5.  

The midplane temperature in the disk is 

,
2

1
1

2

1

8

3

2

1 444
Cirs

PP

R TTEET 


  

































 

where 
R  is the Rosseland mean optical depth and 

R is 

the Rosseland mean opacity. 

Dust Condensation. We use the GRAINS code [11], 

which assumes a full chemical equilibrium of 33 

elements, to calculate the condensation of elements in 

the evolving disk [7]. The chemical composition of the 

decoupled dust was got at each radius in the disk 

Results： The evolution of the disk was modeled 

with different initial conditions and viscosities. 

Midplane temperatures. We show the evolution of 

the midplane temperatures in the disk, the influence of 

initial conditions of MCC on the maximum 

temperatures, and the distribution of maximum 

temperatures from the distribution of initial conditions 

and viscosities. 

Figure 1 shows that the midplane temperature 

increases first and then decreases with time within 10 

AU and temperatures at larger radii peak at a later time 

than those at smaller radii. 

 
Figure 1 Contour plot of temperature as a function of radius 

and time. Here, MC=MSun, TC = 15 K, ωC =10-14 s-1, and α = 

10-3. 

In Figure 2, we show that when the temperature of 

MCC increases or the angular velocity of MCC 

decreases, or the viscosity in the disk decreases, the 

maximum temperature in the disks increases. 

 
Figure 2 Maximum temperature as a function of TC (left) 

and ωC (right) for different α. Here MC=MSun. 
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Figure 3 Upper: Distribution of maximum temperatures 

achieved in our ensemble of disks. Lower: Fraction of disks 

that reach specific peak temperatures as a function of radius. 

The distribution of maximum temperature is plot in 

in Figure 3. For the majority of disks in the regime of 

these parameters, the maximum temperature is 
between 1000 and 1500K, with the median value being 

around 1250 K. This value of the maximum midplane 

temperature is lower than the 50% condensation 

temperature of silicon at a total pressure of 10-4 bars (~ 

1300 K [7]. Generally, the maximum temperatures, 

and the proportions of the temperatures higher than 
specific values will decrease with radius. 

Figure 4 shows the relative elemental abundances 

of decoupled elements normalized to the Solar 

abundance and Si as a function of 50% condensation 

temperature at different radii. Generally, the relative 

abundances of refractory elements tend to be high in 
disks with a high maximum temperature and their 

abundances decrease with time as more volatile 

elements condense and decouple as the temperature 

decreases [7]. The relative abundance of elements with 

50% condensation temperatures higher than the 

maximum temperature at a radius are equal because 
they have never been vaporized. 

Conclusions: (i) The temperature in the inner 

region (< 10 AU) of the disk increases first and then 

decreases with time. It reaches its maximum value 

around the end of the MCC collapse (several times 105 

years). (ii)  The maximum temperature of the disk 
increases with the initial temperature of the MCC and 

decreases with its angular velocity. The maximum 

temperature in the disk also increases if the viscosity in 

the disk decreases since the additional material in the 

inner region traps more heat in the disk. (iii) 90% of 

the simulations that use the observed properties of 
MCCs predict peak temperatures between 935 and 

 
Figure 4 Elemental abundances at different radii. (a) TC=31 

K, ωC =10-14 s-1, and α = 10-5. (b) TC=15 K, ωC =10-14 s-1, and 

α = 10-5. (c)  TC=15 K, ωC =10-14 s-1, and α = 10-3. (d) TC=15 

K, ωC =3X10-14 s-1, and α = 10-3. 

1635 K, with a median value of 1250 K. Less than 1% 

of the disks from our simulations reach temperatures 

higher than 2000 K and are capable of vaporizing all 

elements. Even in these simulations, those 

temperatures only arise in the innermost portion of the 

disk. (iv) Most disks reach peak temperatures that are 

lower than the 50% condensation temperature of Mg. 

To match the depletion patterns of CM, CO, and CV 

chondrites and terrestrial planets, one needs either rare 

initial conditions of the proto-solar MCC, or other 

energy sources to heat the disk to very high 

temperatures in order to reprocess the moderately 

volatile to refractory elements.  
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