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Abstract − In the industrial field, the theory of drying process is different from the practical application, and it is effective to

reduce energy by recirculation of the heat of exhausting gas. But the study of this field may not be performed still. The cure

properties of the urea resin moulding compounds was investigated according to drying temperature, drying time, recycle rate of

exhausting gas and moulding temperature in the process of drying and moulding. We obtained the following results; water con-

tent of material decreases with increasing drying time and drying temperature, and the rate of drying also decreases with

increasing recycle rate of exhausting gas. Specially, The cure fluidity of the urea resin moulding compounds decreases, with increas-

ing drying temperature, recycle rate of exhausting gas and moulding temperature. And the correlation equations on water content and

cure fluidity of the urea resin moulding material were obtained through a regression analysis of experimental data.

Key words: Wafer Content, Dryrate, Moulding Temperature, Fluidity, Exhausting Gas
1. � �

����� �� �	
� �	
� �� �
� ����, ��
�

���� � ��� ��
  �!"� ��# !�� �
� $%&

�' (�)  �$%���� *
+,[1-3].

*-�� ����  '. ��/! !�  0�� 1�2 34 56

�7 89:� ;< =%# &� 4>� =%?@ 4A !B
C, 0D

E"�� ��FG  HI 89:� ��J6, KLM�5 4NJ6, >

4J6� O
� 34�� PQC[4-6], 0D >4J6� RS=%  E

"�� ��FG� 1�0�� T� UEV EWQ� X�+,.

E"�� ��FG  YZ[\W E"��, $%3, ]^ _`3, '

�3 a �b FG� �� PQC[7-10] *-�� ����U ��/!

!�  0�� 1�2 3456�7� 89:;<5 &�4>� �c

�d+,.

�ef� E"�� ��&�� bg�  'h Sato i[11, 12]� �


� g4jk cl5 �/9 �m� no �p 0�Q� _� + q P

QC, rV E"��� $%0�S $%3� �	# s� nt uv+

q P,[13, 14].

�w) '. bg� qxQ� yz�7 E"�� ��FG� 34{

| }~� E"��! !�  ���W �]��, ���, ����, �

�`S i� _`
H �
� � 40% h�� ����� ��� ]^

a _`3� ���� PQC[15-17] '. _`3  E"��� ?�5

�(
� M���, >4J6 U 8�V �h� >4�� ��t �	
†To whom correspondence should be addressed.
E-mail: slkim@daunet.donga.ac.kr
681



682 ����������	
� U�g4� !�  ����� ��� �8 �BHW ���t��

5� �� � &�' ¡¢ '£�¤ ¥� 3¦W ��FG! e� �

�7 �5 §¨� ©� e� �� ª ]^ « � P  &���¬(semi-

molten state)! �S­  �+,.

E"�� ��FG� 3456 U UEV J6W >456� *c7

  ��1®� *V 'j�� S¯
°� | ±3kW ²5# ³2 ´

'! PQC rV µ¶56�7 k��  >4H� ·¸¹ºS �}�

A»� � I�' ¼½�¤ ·¸�� ±3 >4! '£���7  U

�&�' p&�� P  >4 �p¾� O5
  Y®� RS, �¿6

S, JHÀS i� *V ���Á! T� ÂÃ¤ P� Ä� Å�3¦�

�Æ  HÇÈu�  hÉV �Ê',.

nt7 �ef� ¶Ëyz�7 ÁA
 ´, HÌ a (H� nt 34

+ ��FG� Í	/���5  ���� ¦®�Î Hº� nt p(


� >4
�S ¥�3¦�7 )Ï)  $%�p0�� =%! Ð


� Fy� P  Å�V �¦� 34
 Ñ ³2 �ÃÒ' P� Ó bg

�7  �hÔ��� ��FG� 34J6 U !z �dkW J6W >

4J6� ¶Ëyz�7 'j� S¯
°� | ±®kW ²5� SÒ�

Õ� Ö
  �� »×
� >4RS, dH!\� F �¿9, >4?Ø

a ��RS i� nt E"�� ��FG� �� ¡95 $% �pS

� 4�
�  � a $%0�� hÙ  1®¸Ú Û5� gl
� F

y� P� $Ü¨ P  HÇ� Èu
� Å�V 3¦� Ý�/ 
°,.

2. � �

2-1. ����

E"�� ?� 34� &�H  Fig. 1�7 )Ï�  q# Þ' ß&,

!�, !§, ^J, àH� ' �'V ��k 1.7 m3� SUS3 &�H�

7 pá%â� pilot kettle� ��
°QC, KL M�H  �$ 0.15 m

L/D 18W SUS3 M�H(BUSS model HYD-150)�ã Õ HB -�2

Fig. 2�7 )Ï�äQC, >4H set  Fig. 3�7 )Ï� q# ÞQC,

>4H� �-� !� å�! �� 50 cmW �6¾(M�¯/� &��

�¬æ)� �.� >4 *�1� çÃè� >4?é � PS­ 3XV

ê&� >4H# ��  �ë 50 mm ë¢� ®ìQ� _R
°,. >

4RS  /p RS 4AH� PID 4X� �
� í1 oC� 4A !B


S­ 3X�ä� >4 Y®� F �¿9 4A2 �2 �Ôhî� ï

ðQ�7 _6+ �9� ��
°QC, rV !§� § H� $Å  ±

ñò ó$' 25 cmW �§�ô\�7 ¥� ��§¨' 250 kg/cm2W ¬

õ6ö(Õ) model HP-250� ��
°,. �Î� $%�p 0� ±÷�

mould  eÀ SCM-21�7 3X+ §¯ ��� e�Q� E"�� ��

FG! �w �	 e�� � E"� ª ]^« � P  & �� �¬�

7� $% �pS� �*ø!
H �
� Ó bg U� �×
°,.

�-# 
-� 100 W ̧ �H� �� 4Èù -ú
� e�� RS�

130-190oC� �'
� 4A« � P  �Î�(shell type)e�Q�7

Fig. 4� )Ï�ä,.

2-2. ���� 	
� �


Fig. 1� )Ïû &�H� Table 1� v?+ JË� E", ütmýÂ

ÑDÆ, 'Rß¿� a þ��ÿ� �Zt��� �� 330, 305, 355 a

Fig. 1. Schematic diagram of reactor.
1. Reactor 6. Sight glass
2. C/H jacket 7. Separation receiver
3. Motor 8. Receiving tank
4. Condenser 9. Vacuum pump
5. Impeller

Fig. 2. Schematic diagram of mixer.
1. Kneading barrel 4. Heating jacket
2. Kneading paddle 5. Hopper
3. Cooling jacket 6. Shaft

Fig. 3. Schematic diagram of drying set. 
1. Screw compressure 19. Flexible joint
2. Air accumulator 10. Dryer
3. Air control valve 11. Thermocouple
4. Orifice & manometer(air) 12. Scale(load cell type)
5. Blower 13. Steam control valve
6. Orifice & manometer(media) 14. Temperature controller
7. Heat exchanger 15. Temp. & weight recorder
8. Orifice & manometer
���� �40� �6� 2002� 12�
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Fig. 4. Schematic diagram of moulding.
1. Curing zone 4. Barrel
2. Shell-1 5. Piston
3. Shell-2 6. Tubular heater

Table 1. Used materials for urea resin synthesis

Material Purity(%) Water content(%) State Division Manufacture

Urea resin 99.8 0.2 Granular Industrial Sam Sung Chem. co.
Paraform aldehyde 80 20 Granular " Japan Sam Jung co.
Hexamethylene tetramine 99 1 Crystal " Sam Yang Chem. co.
Ion exchange water 99.99 0 Liquid " Dong Kwang Chem. co.

Table 2. Wet mixed materials

Material Purity(%) Water content(%) State Division Manufacture

 Syrup 50 50 Liquid Industrial By this experiment
 Pulp Powder 90 10 Powder " Germany J. R. S 
 Latent cat-c 99 1 Liquid " Nito Chem. co.
 Lubricant 99 1 Powder " Song Won Industrial co.

Fig. 5. Relation between moisture content and drying time for variation
 of recycle rate of exhausting gas(TD : 70 oC).
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Fig. 6. Relation between moisture content and drying temperature for
variation of drying time( γγγγ : 10%).

Fig. 7. Relation between the drying rate and drying time for variation
of recycle rate of exhausting gas(TD : 80oC).

Fig. 8. Relation between fluidity and drying temperature for variation
of recycle rate of exhausting gas(Tm : 150oC).
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� ¡9� ��S  92.68%� sJV ²5� Ýä,.

3-7. �� ���� 01�

>456� TS E"�� ��FG� $%�pS� >4RS, >4
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TD

TDM

-------- 
  0.7357– γ
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 0.044762 θ

θM
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 −≤  −≤
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ψ
θ
---- 1.0002 102–×

TD

TDM

-------- 
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TmM

-------- 
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------ 
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=

Fig. 9. Relation between fluidity and moulding temperature for varia-
tion of recycle rate of exhausting gas(TD : 80oC).

Fig. 10. Comparison of estimated and experimental moisture content.

Fig. 11. Comparison of estimated and experimental fluidity.
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TD : drying temperature [oC] 

Tm : moulding temperature [oC]

Wi : the initial weight in barrel [g]

Wr : the residue weight in barrel [g]

γ : recycle rate of exhausting gas [%]

θ : drying time [min]

ϕ : moisture content [%] 

DR : the drying rate [%/min]

ψ : cure fluidity [-]

2345

M : maximum
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