Prince of Songkla University

Faculty of Engineering

Final Examination: Semester | Academic Year: 2009
Date: September 28, 2009 Time: 9:00-12:00
Subject: 226-304 Heat Treatment Technology Room: A400
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Instruction:
1. There are 2 parts, 40 questions and 120 points for Part | and 20
questions and 30 points for Part Il

2. Attempt all questions.
3. Only a hand-written note on two-sided A4 and a dictionary are

allowed.

4. Borrowing things form other students is prohibited.

Napisporn Memongkol
Instructor
Part I: Answer all the questions (120 points)
1. (2 points) What are the two different methods of surface hardening?

First Method iS....oooeiiie e e e e e e

..........................................................................................
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3. (4 points) What is the purpose of BaCO; in Carburizing process?
Complete the equations below and give an answer what is the source of

carbon in equation 3.27

BaCO; is USE Or ......ouiiiiiiiiiiii e
BaCO; 2 v + CO, (3.1)
cOo,+C =2 2CO (3.2)
2C0 +Fe ™ ... + CO, (3.3)

The carbon in equation (3.2) came from ...

N

. (2 points) What are the two stages of Vacuum Carburizing?
TR A1 = To L= - T P PP TTRIE

SECONA StAGE IS .ovuvneriiei it

[(3)]

. (2 points) As compared to conventional atmosphere carburizing, how many
percent of volume of gaseous hydrocarbon is required for identical

carburizing? = %

o

(2 points) What are the limitations of vacuum carburizing?

~J

. (2 points) Why post-carburizing heat treatment is necessary for case

carburized parts?

8. (2 points) Why the use of a closed pot and ventilating hood are required for
cyaniding?
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9. (2 points) Why cyaniding process is less time consuming?

=YYz Doy = X o P PP .and

10. (2 points) Compare cyaniding and carbonitriding case hardening
processes
Cyaniding iS .....ccovvuiiiiiiii

while Carbonitriding is ..o

11. (4 points) Complete the graph of post carburizing heat treatment below.
A

Temperature

850-800C

760-780C
furnace cool
150-170C

12. (2 points) What kinds of steel using carbonitriding process for improving

Tlme

wear resistance?

................................................................................................
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13. (3 points) Compare to carburizing process, the carbonitriding process are

better than carburizing process in ..o ,

................................................................................

................................................................................................

15. (2 points) What is the material used to cover the portion not to be nitrided
in Nitriding process?

17. (2 points) Give two examples of the applications of boronizing process?

18. (4 points) Complete the table below

Process Material Typical surface hardness, VHN
Carburizing | e 850

Boronizing = | cieeeii 1500

Chromizing Carbon steel, tool steel | ..o,

Toyota diffusion Tool steel |

process
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19. (2 points) Toyota diffusion process (TDP) is also known as
(TD) and

22. (6 points) Explain the three methods of flame hardening?

......................................................................................

......................................................................................
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23. (3 points) In induction hardening, the degree of current flow on the outer

surface of the component depends ONn 1) .. ....cooviiiiiiiiiii s ,
of the component (last two factors depend on temperature)

24. (3 points) Explain the three procedural principle of the Laser Hardening.

25. (3 Azuwn) nsmuguumsmMeanslwalaaiimaineding 3 Ysems azls1he

..........................................................................................

26. (2 azuuw) m3lduialulasaumuguussmeluen nsviled 2 Anwoue fe

4 = AA K o Qs
27. (2 azunn) Wuenafiavaslans Alsaldusssimelslasaudmiumsaugy w2

28. (2 azunu) WWuandad LLa:"iTaL%ﬂmmmsmuqumimmﬂmﬂ‘LuLmau’qmﬂmmu

.......................................................................................
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29. (4 ATluw) TWuanAMULANG N TTRINLTIIITMALTRanS lmnaiie (exothermic

gas) uazusssnmeuisidulomnasia (endothermic gas)

........................................................................................................................
.....................................................................................................
........................................................................................................................
........................................................................................................................

........................................................................................................................

.....................................................................................................................

32. (4 points) What is the meaning of specific letter of condition or temper of
Al alloy?

Letter Condition of alloy
Fooo s

O
T
H

.................................................................................................
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35. (4 points) Fill in the alloying element in the table below

Alloy No. Aluminium wrought alloys (major alloying element)
1XxX Commercially pure aluminium (99% pure)

2XXX | e

3xxx Manganese

AXXX | e

5xxx Magnesium

BXXX | e

TXXX

36. (3 points) What are the applications of Al alloy series 6xxx?

37. (6 points) Explain the natural aging and artificial aging of aluminium

alloys?

Natural aging

...................
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38. (4 points) From the Al-Cu phase diagram below, answer the following

questions.
&tomic Peicentage Copper (Tu) A
°c 1 2 3 4 o
i | i I
s HL! L/,, =720
600 = S + L 0,
— 548 C
AL /:Z% = 1000
500 e 5 55
+] &m0
400
/] AL+CUAL, | oo
300 g 7
00k —1 4000
TAL 1 2 3 4 5 B 7 g 9 10
LAW. ‘weight Percentage Copper {Cu)

wHUATHENGRAgHL LY - nauey {Aluminum - Copper Phase Diagram)

39. (6 points) From the precipitation hardening of aluminium graph below,

draw the microstructures of aluminium at each point.

o .
C ., Solution treatment
Quench taging
C
a '
0 0 O
> Time

a b c
226-304 Heat Treatment Technology Student ID .......oiiiiii Page 9 of 11
10. In Nitriding process, .........cccccoevivinennn.. gas is passed into the furnace

(o] . . . . .

at about 550C, it dissociates into nitrogen and hydrogen
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40. (5 points) What are the five principal types of heat treatment of nickel and

nickel alloys?

..............................................................

PART II: Fill in the blank (1 point each ) 30 points
1. Liquid carburizing is also known as.............cccocoiiiiiiiiiiiiii
2. The most widely used method of carburizing is ...............cooviiiiiiiiininnen.

3. The advantages of liquid carburizing are ...............c...cocoiviiiiiniiiineenn,

4. In Pack Carburizing the depth of penetration depend on .........................

5. Recent development of gas carburizing technique is the use of ................
....................................... as a carrier gas

6. Main advantage of Vacuum Carburizing is .............cooviiiiiiiiiiniirenn,

7. In vacuum carburizing the gaseous hydrocarbon is introduced into the

9. Sub zero treatment is also called “.................ccoeeeiiienenn... " processes,

which involve cooling materials or components to temperatures as low as

10. In Nitriding process, ...........cocovvvivvinennn... gas is passed into the furnace

at about 550°C, it dissociates into nitrogen and hydrogen
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20. When annealing copper that contains oxygen, the hydrogen in the

atmosphere must be kept to a minimum to avoid



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The Boronizing process can apply to any ferrous material but adopted for

................................. steels and ..........c.cecenvereneene..... steels

In Boronizing process, boron diffuses inwards and ..................... layers
are formed

N process, the components are packed with

chromium powder and additive and put in the furnace.

Aluminum alloys and be divided into two forms ...................ocevinel. and

Age hardening of aluminium is also called as

The objective of quenching aluminium is to

....................................................................................................

When annealing copper that contains oxygen, the hydrogen in the

atmosphere must be kept to a minimum to avoid
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