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LowCarboDsteel 18 oarb1lri•• d '-7 heatiq ill a .ixtun ot hard.ood

ohlll"Coal,SiHd ooke. bariWl OmODate. caioiUll oarbcaat•• te. The teaJera-

tUft emploJe4tor h•• tiDs the oarburiaillS mixture I. about 900°0. so•• till••

pl'OC1U'eMatof the.. oh•• loal.' b.oo.. a probl... Someof tbea. cheaicala

are imported •• terial. tor Banal.de sh• Thi. project ••• uad.nake. to .tuell

.hether 1008117ayaUab1e aatural IU 8uppli.ct 1'17tbe T:ltaa au Tran-iHioa

aad. 1 t:rib tl0. Capul. Ltd. CaD8"itab17 b. utilized 1a oarburizlq the

low carboll 1I11el.t.el. A_all experu.lltal turnac. has 'MIl built 8Ild low

carboDIIlld .t •• l &peei••• of about 0.20 perce.t carboa "I"e beated ill •

caet iron olUacler cOllt.iDiIls Titas Gaa to • yariable ti.. and t •• perature

rail • It haa la"l1 foud tbat 10. carbo. mild .t.el gets oarburized ••• i1,

&adthe depth of oarburi.ation 1. fOUlldto be a tuDetio. of ti.. .ncl tempera-

ture i.e. higher tho '.IIp.r.w •••• d.ep.r i. the ca.e depth aDdalso long.1'

is the period of canuriaatioD. aor. ill the pea.tr.tion of oarbon iDto ste.l.

TOmakea oOliparatift .tud1 for the speed of oarburizatioa .oag ftt ••

au. pur oarboa ad oOlly.ntiollal oarbul"lzilll mixture. a.e ezperiaeat ••• 1'.

oonducted wi t11• mild at •• l shaft of about 0.22 perce.t carboa. It .&11 foud

that carburi •• tioD 1. quiek.r bl Tit •• a•• co.p••.•d to th.t of carburiziILl

8ixture 8Ilelpure oarboa.

c.. experiMats •• r. .1.0 do.. alOIl8.1 th carburidac aixtuJ'. ItJld

801i carbOll, 1a • yariabl. pre•• ur.. It was alao revealed that higher the

pressure ore i. the d.pth of carburi •• tioll.

I
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INTRODUCTION
38/6'9
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1.

'I.

rvice conditions of many machine parte made of steel om

cor
.e r-resistant surface but with tough d shock-re

combination of properties is not usually pos ib1 fro the
ateel •• low carbon steel centainin carbon 0.)0 to 0.3S r-

c ffieientll tough while a bilhc.rbon steel containin, ar on
u 0 1. ercent pos ••••e•• 4e~uate hardnes •• Bl itable he t-t nt
t

wUl
c bon steel can be made .ery hard while the low carbon at 1

sufficient toughn.... A machine p rt r uirin har

u core ill require a combination ot high c bon t the
bon tor the core which OD heat-treatment will doy 10 v ry rd

tough core.

o aT lop a st•• l of high carbon at the surface and 10 c I' on at
become a problem to the manufactur.r of aohin art ill the

ot oarburlzation was discovered by an earlier black ith1 ho,
ldn in hie forging shop t obaoned that wrou ht iron hen he t.

t

whil.

on of lowing charooal picked up carbon and bee 8 hi c bon
s carburized st••l when quencbe from red hot COD ition e

on the surtaco. his knowl.dge ade th model' t to
y ra Pl'OC.S~8 ot surfae. hardening ot 10 0 1e

sWmDerlsed as rollows:
1. Oarburizinl
2. Claniding and
,. Nitriding.

uriac. hardness obtained by the tirst t 0 prooea. (carburi in



OD heat-treat.ent .tter the
f n attained. The third proce.. (ni 1"11 )

ca•• 1A such a Y&1 t t tbe c und

l" doe not require aD7heat-treataeat.

uriziDg 1 the most satlstactorl widell sed B1et of url.c.

t r eu .0-rlzil ion.
tee1. It 1 tbe .u~jected to 0c

harililnj.ngof ow carbo .teel. It i. a prooe•• Dl loh the carbon cont ,
t t ce ot a st.el i. illcre... i • teo ject ot urI c. h n-

ar , .ear-re ia t urtace wit a to gh int r1Ol",tb.

er tion i the .el.cti flY. arbon ( uallJ 0.20 cent

r eut. tol c ltion '1 III bse • t t th

• s.

t • thod of c~rbt~l in

I f 10 a

1. soli or pac care r1z tion
• L1qui carbur1zation
• Ga car urizatioD

to b. to110•• d depen pOD t t c

•
ar urlzat10ll proo••• , part to be 0 rburi d. are ohllr

of'

m t 1110 ox with carburizin mixtur. ~h. car .r:l
2t 110.1n prop.rtiona a

"ood charco 1
.1ze co e

,
30
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Bar! carbonat.
caloium carboa.t.

10 to 12 part
, to 4 part

di oarbODa. 2 to , part ••

:.r; depth ot oarb riB tion d.p.nde OIl tl •• , temper ture and t • tn.
of ture .d. For ex•• ple, with a tJPlcal carburiz 1l1xtu1'8 of h

p1'O ortio ~. cu. .pth of 0.04 to 0.0' 1noh _ be obtaiae t

925 C in over-aU oar uri81ag tl •• ot Di.e hours Relucting about tl"

aD t \U"h un holdial at the 00 ataDt temperatun2• pack

c ur a ioa 1 oOIlOllloal
•

t r all

in in larger anel c

h t-tre At.

11 uid oarburlzatioll 1. ua.d tor parte qu!riD thin
ea~~o. hi • par a1 0 carb 1

ath. The oarbur!.l. 11 \lid bath i. a,olaDid. solution from wh.r.
e, bon'! dittu. tro. the bath to th aachlae parte. • peculiarity of
thi roceolll tbat the teaperatllre of tho bath i. to b. mwta1lLe li t1

01 lillll - about t.p.rature 800c. Thi. prooea has h. 10 -

the a.teri.l •• .all •• the tUftS cOlli.!; up troll t bath is

o be

1 the,ractioa of oarburizatioa bJ •• thana as •• 11

eYelOplB t. atur.l .u ccmtaiaiag •• thane. ethaJl., etc. tq1

used carburizillg lIadiu. But • detiait. proportioD ot lase helps t

til r idit7 ot carburizatloa. Nolitas-atUl'8 i. tou whether-1 ttemp

n made 0 u. Tit 8 Ou as • carburiziq .edlu •• Thi. l'Oject" J

J?Ol5SJ:BILlTI 0 USINa ITAS GAl,) A A CARBU I ING ~

been uder taken :lJl or r to explore lar •



,.

Be G applicatioll t Titas aa. tor oanuriaaU.oll.

ch mical cOIDPo81tloD(1)>7yolue) of itas Ga.' found iD Brahm -

b i in th distriot ot 00ll111a 1. •• tollo •••

Methalle (084) 97.2 percellt
th_ (crt,) 1.8 tt

ro e ( ,Ha) 0.5
tan. (C4HIO) It 0.2 "

.' he

itr ,e. ( 2) . 0.'
I calorific yalu. i••bout 10'9 Btu/oft.

1 actioe re ir dit
• bar! carbOftate, act1Yat~d c

od! car Date e a. iDoe.... ot th che o d

e 1 the local • rut.. pack 0 uri ation ome1~1.nl8 be(~Ollle8 a

c1.arr t Ire \MDt repl eetl nt.

beta 11 Q t t car uri 1 8 or i

, hen pack
al11 a.al1ahle Tlt•• Gas aD thus otbe ti

le.t wl11 • .ll.lnate • The procee eve

I

• 11 d ill C

.-.

1n .1 •
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,
THEORY OF CARBURIZATIOI

The carburi •• tioa of steel "&7 be .xpl.in.d Oilthe b•• i. of two

tuadamental cono.pts. Th. first is ditfusioa, iAtl.ao.d bJ' the prop•••••

tie. 01 the iroa, and coftc.rn.d with the _ ••••• t of carboDin the iroD

itself. the ••• oad d.al. with the .ource supplp.llg the carboJl. ad with

the trenster ot carboa to the .urface.

1~S. two g.lleral COIlO.ptS881 b. d.scrib.d bri.t111

1. rick'. Law~ot diffusion 1•

•cla SD eloK-- C1i

.here ; Ilq b. t~eD •• the tla. rat. of flow of tbe solut., carboll,

through the area, S. This rate 18 proportioDal to the area i ts.lf. wh.re

D 1B the proportloaa1lt7 taotor or diftu.ioll coefficl.at. Th. rat. 1. alao
. 4
proportional to another factor. 1£ '. wh~ah.xpr..... the rat. at wbleb the

oarbon oo_atratloD 0 Tarl•• with the depth x. Th. now of carbon in a_a

iron 18 ill. part analogous to the flow of b•• t iD eol10, .d to 80M .d.llt

expreasiOJlsdeftlop•• for the coacluotlonof heat are appl10ab1e.

It2. The equ11ibrlUII.t.t. for ahellioal ••••OtiODS-&7It••• pr••• Dte.

'1 numerioal Goutallts, Kp' d.ri.ed Ira the .eDeral .xpre.aloD

A
Lo'lp • i - B

wh.re K 1•• anaerloal factor t.r •• d the n.quil1briua cOD8tant",whlchi.p .

d.erived.boa tJut .alu •• for the cOllo.atratio•• of the reactant. BIle! produot.
I

01 a chemioal "'8Otloll. Th. su'script p deDot•• the dependeAo7of the ohealoal

reactl. on pressure. '1' 1. the ab.olut. te.,erature at which tha re.ctlon



. ~ \

" •. , ./:-' ~.

t • d aft oout ts deri"d tor the articular cti •
d of bein developed in a tomal w81 fro th boic principl ,

t of c burization maybe analyz d fro he ri .•poin of on
It-

t in be controlling factors • The e f otors be d1vi for

into two di tinot olaseificationsl

') 0 or: that oont.rol tbe fio. of carbon in iron

2) cto!' th t influence the transfer ot carbon to the iron

The
i mmq be explained as 1'ollowa.

rbon in iron: Iron whenheated in pr enc of c n

o ution. A so11d solution mal be de cribed to be solution ot t

01" co ponent8 as solute and Bolvent sharin their tom in th ir initial

the olid state. In other words a solution m y b. defin d any

ph 0 .hie th compoitioD mal var1 continuously .i hin oert in li its.

cari)ur:1ein i. concerned with the 801id solution ot carbon in a t n1 •
of c bon content ot this phaae dependon the t mper

c'o~~BitiODof the steel. The8011dsolution of carbon in a iron.i.

an r ti ial t~ ot solid solution. Aals evident h: th iron 1roD-
th••rmal • uilibrium diagramFia. 1, at temper tu

t tu
occur as a body centered oubio tructure. Aboft 1670°., t s a

in which iron bas a taoe centered cubic tructu • In tace

• 2.

into

t •

I •

ce

cent(!rE~d. cubic 1 ttice, a relat1 Vell large unoccupied "hole' exi

tb unit cell'. Carbonbeing aDext ell aU to c

t pro uee a olid solution 01' iron and c bon

a boq-eentered cubic structure t lower t p

t.een tb iron atOllB becomemuchSIl 11 I'

L
i

(
I
I:,
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,
'; '(a) sho•• the carburiaiDl procedure 1Jl whioh a low-oarbo

iron (carbon-tree iroa) ie beld tor .e .•••••&l hourn at a h1r;b teapel'atUl'G

in contact with all atlloephere, suah •• natural gaef oapable of supplJiDg

carbo to the •• tal. !be iDitial oarbo. cont•• t of tbe iron lat 1 z.ro

a' all cliatuoea tl'Oll the INrtao... Aa the oarlton atoe. SO lnto eu1utloa

at the nrlac •. t lroD, theJ aft tna to beliD dittulag further lAto

the plate. n. aula_ oOllo.'ra'loD of oarboD a'o•• 1. lro. a' 1700°••
, ,

cum be used t'J'OII 'he iroa-oarbOll di&&r•• , aDd ia about 1.-'J' oarbon • 1'h.

oarbur1 116 atIBoapber. OaD buileS up tId.. oarboD oonoe.tratloll at th svfac.

a.1J:oat immecl1atel" so that th. oerboll pea. 'ration OUY •• hortlJ aner the

b.glD.1Ag of Oarbvu1llS 1. ot the tal'll ehon in lla. '(b). Tha carboD

penetratioll 0....,. that Ie produoed 1t) oarbvizilll for a nuber ot hours

at a gi.... tBpel'atUN (17000, ill this oue) 1. shown in Fie. '(0).

The rat. 01 t10. ot carboD ill. au.tiDit. cleJ*lda oa 'I'al._ for tbe

41ftuai 0•••ttl01••t ••d oharacteristic. at \h. oOlloe.tr&tloD gradia.t.
The dlltuioa co-ett1ela.t i. ill turD a flmctiOD ot "lIperat •• aDd CarbOD

oODCeatratlon. The 41ttua1oJl ot CarboD procHda troll the higher cOIle.atft-

tloa, dnelop.d troll tb. aupp17 souree. to the 10•• 1' oODo•• tratIOD 01 the

oore, ••• the 00••• 'l'a\1011 11111•• an .ahta:lucl 001&81.'.'17, the tOl'll

ot the eradi •• ' • ., It. prediot.d tor l1li7 ,1Yea a4 coutut '''perature

of opel' t10a It.

'IM «.ural ton ot the oarbon sradt.Dt 1a influeDced 01111bJ' tbe

r8ll of coue.tratioD. tl'Oa aurtace to tb. core. For a gift. t mperat~ t

the rate 01 41th.lo~ iDe...... wi th 1aonu1Dg carhOll conc.llt~ tioa. 1"

Ca.OD carbvla1ag .teel. aad practico. the aurf'aGe coacell'ration lim!t.



Diffusion of
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Fig. 3. The diffusion of carbon In iron during carburizing.

(a) Schematic representation of the proce dure

used In carburizing an iro n plate. ( b) Carbon

process. and

penetration

carburiz ing

curve near the beginning

(c) after 10
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f 1.0 to 1.J~C with core ooncentratioDs uauall: from 0.12 to

• or 1ts attal.ent, the etandard oarbon gradient obriou 1: rEt uire.

a c temper ture of operation aDd• sufficient oupplJ' of carbon to the

ste 1 fac••

c e d pth for a oarburized aacbine parts °m81be con id re to

be nt of oarbon ooncentration which on h.at-treatment provide th

de formmechall1calpl'Operti••• The oas. d.pth for a earbur1ze te.l

1. ott n of temperature and ti ••• It has already b•• n mentioned t t

hi
th

t perature the greater will b. the rat. of oarbon diftu ieD and

th case depth••Exp.ri ent showethat ~ 01'.7 riU

f diffusion bl 1OOopo ri.e ot t •• perature, 8 'I from 16000 to

COil i tant results in oarburizing, it is important that the t per.-

tun • unitormity in Yarioua looations throughout th rk load

turnace d 8ign. load density, reoiroulation and heati rat ••

For
an

ensit'l of load the ditfereno. in temper ture betw.en th out r

tlon of the load mayb. high at carburizin telllper tureo,

bee t outsid of the load ie beated primaril: by I' di: tiOD an the

ra
oon

tiDg 18 rapid to reach to earburiziDg temperature. For ttel'

ratul'8, the thermocouple should be placed

to

• • 1'187 h a deyeloped a foraula tor the etfect of ti

te~D03rai;u:~0 ca. depth for normal oarbur1zing:

Case depth '1.6 Ji
• 10t'7067T) ,
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.her e epth 18 ln lnch... t 1. ti••• t te.perature. in hour 1 and
1 t mper~ture; in degree. Rankine.

it C oarburizlng temp rature, the relationship
i

Case depth • K n
II: 0.02.5 Ii tor

:c 0.021..It tor

II: o,018Jt, tor
, ,

uriz 18 purposel: oontrolled \0 produce uri ce 0 bon

illwhat le.8 than saturated austenite,
th n the Harris equation show.. The case

i total caB. depth, and tor case depths in th fro.

be
co

0.0 • 70 inch it will correspond to a point
tr ion is aUout 0.07% C higher h th carb n

t co 7,
dition to the time at carburizing temperature.e ral hours D7

b

di

f r bringin the work to operating temperature_ FOr rk qu nched

.oarburizer, the oycla may be furthor lengthen. to allow

t o cool trom carburlzing tellperature to qu Debing te ra-
o .

ape 15.50 F. Although 80" diffusion of carbon from case to eore

oc ime, diffusion is 810.01' than 1t woul b t c u-
riz Thla periOdma1b. used d.liberatel~. a8 ittu-

lowor the carbon conoentration at the sur
"

an , r f 10 c bo potential in contact with .the work c1uri

t '1•
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c bo through the aurface are. 1s trect y proporti
to c rbon that has be n absorbs ur'

t ( teel) of ~ 1 square t.et eurf ce or f r
"1b calculated in t erollo ill wrq. he car

a'l be taken 1700°, at which the cOMentr tion of oarbt m

ca en to bs 1.2 percent.

cine part contains origin 117 0.2 percent carbon. n
ill b. equal to surfacs ~ carbon minus core ~ oarbon.

ar of 1 s .ft. or 144 aq. inohes, the ef eet
•

vo o iDe p rt made of ateel
It (1"> X ( Case depth in inches )
•• (141+) X (1/.20) cubio inches

... t ., this voluae in pound•• (144)X(1/20)X(O.28) lb ••

[ .: 1 in.' ot 8teel ••ighs 0.28 lb.]

increase in percentage concentration 1s represents
It of carbon apr ad from 8Ur~ace to a depth ot 0.6% carbon

ricel tactor for carbon added dur1n carburization b com 8

1/2 1/1 X (carbon apread)

• 1/2 X 1/l00 X [(1.2 - 0.2) + (0.6 - 0.2)]
• 1/2 X 1/100 X (1.4)
• 0.70/100 part.

of carbon 1n pounds absorbed through. ch .ft. ot

• (144)x(0.28)X(1/20)X(O.70/100)



IIlttul ••••• IIlol ••u .aFI with tbe •• tun ot the 801"t. atoaa •

• lth 'lao •• tu •• t the •• 114 .tl1lot\ll' •••• d with ohaape 1a t••,era',,"_

Blgber te.,.ratun. prowld. hlp••.dlthelOll oo•• Itlol •• t., b•••••• the

.tOllll haft hi"r t.raal ."1'11 •• aDdtheNlon •••••• 'el' pro'babllitiea

01 beiaS actl •• t•• ..,••. \h•• "1'11 baft'i ••• bet••••• t••••• boa la iiI.'.

Carboa haa • bisller Ultuioa eo-elll.i••' ill INa bee••• the oarbee _,_

i. eall ODe. Atom. baY. hiSbel' d1ltuloD. oo••tti.l.at. ill boe lro. \hAIl

ta too ll'OA _ea_ the toner baa • lowr atoalo pacld.a& t.'O.'.
~ dllftaaioA proo•••• aon raplcl1, aloDI Us. crain bou4ari •• HO."

tbia is a ••• 01 017.t&1 taperl.o'lo.;. At tbe lJ'ala b."arl •• b.'•••

t••• 43••• t araiu th ••.• 1. a ~r..t••itloa •••• which I. DOt aU ••• 4 with

.ithel' sn.t- •• , ahon 1D!'il. ,. Theal_toh 01 the orleatati. 01 M\1ao•• '
sraisul pJIG.... • 1e•• tfteleD' paoklq 01 'h. .toII. aloq the b01lDdU7.

'1'1mathe at •• aloag tile bomaclarJ h.y •• hlS.1' •• 1'17 than tho •• witbla

tbe poaiM., 'l'hl. h1gber u.rCJ 01 the ho dar, atOll8 1. iIIpor'ut I•• the

_lea'l.a 01 J01JMrpbleph'" ahapa aDdthe low.ra'0IIi8 paold.aaa a10aa

'he bo"'., I.wu. .,oat. 41ttadOD.

oth.r 017.'81 18pert•• 'lou -.-17 polDtcleteot. lul11 tat. atollto
" ,

dlltuat. _" _pldl,. Iatera'ltla1oi•• 1. til•• o.t pl'Olliua' pom'

ct.teot whichI•• an dlftuioa '01 0•• 1Ioa1D il'oll aDd ateel. It arina .be.
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Fig. 5 Grain boundaries. Note the area of disorder at the boundary5.
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atomic packing factor is low. such an imperfection produces atomic
distortion as shown in Fig. 6. unless the interstitial atom i. smaller
than the rest of the atoms in the orystal.

~.-

•

Fig. 6 Point detects J Interstitialor'

The interstitial mechanism moves atoms amoDg the neighbouring atoms
of the orystal structure shown in Fig. 7•

. j

"'.t- Diffusion -
path

Fig. 7 Atom movements : Interstitial mechanism5

....•



1

A 1n rstitial tom of P'1S. 7 haa an equal prob il!ty of

ocat:LOi'l,a,

• 7 mu t 'b oyereOlllt •• The GDer~ re . ire t OYOl"C(lme

the ctiYetioD energy ot 41ttuoioa. ith interstitial it~-
required to foro. the atoll into closer contact wit nels-

lUI it mOft8 UlOIlIS the •• The aotiyati n sura yaries wit

t tors. For eX8Il2pl.. a a.all atoll has a lower aetiy.tio ener

r atom or a moleoule. Therefore. interst1t al moyements quire

vacanc1 mo.emeats'.

'0 or inate directiolls. It tho .tomB are t obatlge1

f ne

the
sion, e
bo

a n~

th 1

Flo the aun1l source J The prillary tuDotion of oarburizing

•

t3 on ible

furrd h an adequate supply ot carbon to th te 1

r 0 bon fro the esovce ot upply to the

Gcurin t thi aurface. The carburizillwi

II

tor tr fer of carbon i. B oarbon 00 pound.

compoua4mq supply carbon is related to the conditioDIB that

i11brium with the surtace c rbon ot the ate 1. ~h quill-
ot th reactants and products i a runction of t m eratun

bon concentration at the surrace.

c bOD. at.el. \lMn heated w the oarburiz1llg t mperaturotwill

b. c . let 11 transfor d into auat.nite. At the carburiz1

au 0 itl iron ia oapable ot holding 1n solid solution an amount of carboll

appro turation limit of 1.7 percent. 'hen a oure. ot c rbon,

sue onoxideis brought into contact with the at 1 in this
here .i11 be a tr8lla'er ot oarbon fro. the gas to the st •• l. \

Th of opillon9 as to the exact torm ot the carbolll



l'

Tb1s .Jole ."U.Il.. to rape.t it••lf, aDdthe proc.ss of .ar'burlasaa

will oolltine •• 1_ •• the proper '.p.rat •••• are .a1Dta1Ded_d the

atatea the CO I CO2~ ratio muit. be .boft 24 for thl. r.aot!oa (1) to ~e"

and lao that the rate ot pell.tratioa au.' be about 0.01 to 0.02 - per hov.

(2)••••••CO2 + C ~'2CO

2CO + 'Fe ':;::!: CO2 + "'30 ••• ••• (1)

litho.t a tllrther .uPp17 of 00 thi. reaction bet.eeD CO, CO2, •• 4

_tenite would IIOOD reach equillbrlua .4 oarbur!silll wouldatop. B•• ,~,

siDee. at carburiziDg '''perature, there 18 a1.818 a 1ar amOUllt

of incandescent carboD present. the CO2 will b. cOB8tantll reduoed. ••
tha' there \1111be a coatinuoUil au,p1l ot co acooJ'Cl1'IlS to the "acU_.

,•• ,••1 that then 1. aD illu •• ti08 01 tbe .arbOIl .olloxlet ••• d tM

iroa to toa il'Oll o••blde., .bloh are tile. ab.o•.• d b, the .t••l, .tller.

t••l tbat th•• arboa belag broupt t. the .urf •• 01 'he •• tal •• oan_
aoaoxide wiU. ill the p••••••of aut.lllt., break don to tOI'llatoat.

carb_1 whioh wiU 41ttuae •• nob i. th. iroll. hI' OV po•••• , pvpo ••

ot diacualoa 1.' ••••••• Ua.t 'be aot10. iaYOlri.as the to•••tl_.

u8or,p~1011 .d d1:f'fUalo. ot oarbo. 1.to iron 1. the __ attal par' 0' tbe

carbarlal ••• pI'OH •••

III paok o•. b1ll'1&atioa th. oarbul'laia. COIIJ'OuH I. la "aUt, the_

,l'Oduo.r. III 0'''1'' wetl'U, tile eubo. aOllonde I. ,_ Nault of the "Mtioa

b.t •• a the OU"MIlao... coaJlo". _d t_ .,.. 1I'0Il t.h. aiJo. til. all' la

thia 0" '.las the all' ooo'i1atad with tile eoapoad JMlI'tlo1... !M CO••

toned wU111" up Ita carbol1to t.be 11'0. aGool"dia, to till•. tonowiDa

.qUati•••
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CO I k t hi h enough_ In this ca.. th 0 rbon orbed,

Ii , i. •

of carbon .ill be built up at the surtace and will h n

to the simple la•• ot diffusion ot heat or dissolved
a region of high concentr tion to one ot 10 I"

conccmtr 10 a stated earlier. The carburizing phase 0 ~ Behardenin

i , abeorption at the surfac. plus law rd igr tion.

t • u ual 0 rburizing compounds have inco~ i t e

t carbonate. of alkaliae or alkaliD

ene id red that they may reaot acoordin to th ioas.

.1x CO + h at ~ MxO + CO2 ••• •••
i y tal of th alkaline or lkaline- th

th hot oarbonaceous packing, in r ct! n (2),

ill 2.].nc!"e8f~e coneentr tioD of available 0 •

al b liv d th t the carbonat r act wi t hot crill

1XOO, + 0 -- KxO + 2eO ••• ••• (4)

ot
oxide thus tormed will act &8 a oat 1y t bet n t

and the iron.

r ction

ous hydroa rbon compound.suoh a. ..thane, ethane, pro IlD d

i8oarburizillg, the oarbon ot the turnace

to

but or C OD .onoxia _ h. prinoipal souroe ot carbon in
1. pre eDt in manufactured and in n tural a .•

carbur iIla

at
tions involving the actual tra ter of oarbon oocur t t

,
(1ntert 08) and the reactants, whioh ar

e er independently_ The intortace reactlo

be wrlttelu

\ .J



CB~(I)~. )Fe ('Mel)~ "',0 (ill aut.it.) + 2I2(S) •••. ~)

C~,(,) + 9ft (.M.l) .•• "Jft,C (ill au'.aite) + "H2(1~... <')
c,ua(S) + ". (a,••l)~ )".,0 (i. aua"JllM) + 'tR2C.) ••• ('n
2CO h:) .• 'F. (.' •• l):::;:!:' re,c (tJl •• 'uih) + 002(1) ••• (8)

coaaiderD \he •.•u'1088 taaat ooov for ti&e•••• oOllJOud., .•.•q

t.-ath in'.rtaoe, \U na.tlo •• fOl" 4.poal'10. ot •• ".'0 •.•• xpr••••••

OB4(g) • 2H2(g) + 0 (80114 oar~oa) ••• ••• ••• (9)
C2H6(s) • 382(g) ~ 20 (solid oarboa) ••• ••• ••• (10)
O,HS(S) • ~R2(1)+ 'C (aoli•• arb.) ••• ••• ••• (U)

•,t 00(6) • 002(1) + C (aoli4 •• r1toa) ••• ••• ••• (12)

"

The reaet10.8, speciall;r (5) aIld (8) are 4et1Ai'.17 1"e •• rs:l.bl. r •• 'i••

at carbur1zillg t••perature. Pu'e CO2would decarburize.te.l to tora CO.,

rev.robs reaction (8) •• 4 'pure 12 would 4.carburi ••••• 1 b7 torrdag CR4.

the revo.s of equatioJl ('). It •• t.r Y.pouJ' 1. preeeat la the gas l' rill

act ao a dGoarbuna:l.ag .-at, •.••oriq oarbOD tl'O. ste.l b7 the "aott.1O

!t20(S), + ~,c(in auat.Dlt.) ~ 'F. (a'.el') + B2(g) + CO(£&8)

In liqui4 oarb'Qr1.at1oll, tile o&nula1aa •• tiaD. depellCla Pl"iaari1J

Oil tlw sod1. 07_14., .ti ••ted \»7 tile pres._ 0' .llell1iae earth .al'_ •
1lauaUy bar!us (or calol •• ) ob.lorl•••• The salta (ohloride) reac'. with '-

'oJalU.o..to fon • o;raai4e of alkalia. earth _'all .hich thea react. rith
- 81ron to tva F';.,O. The baeio r.actioDS .&7 be repreaented bl the equat.1_ •

. '2NacH + B&012 ~ :tH-:cl + Ba(CN)2 (BariUftl 01aD.148)

Ba(CN)a+ 'Fe --+0- 1.,0 + BaCH2 (BariWII C7aDAlJli4e)

Cllrboll liberated bl tile .hlft fl'O. bari_ oJuide to bar1_

0laD de. 18 absorbed bJ the .teel 8D4 the small .OWl' of Ditrogea a.•.&11._1.



i r ucing b nefioia1 effect on tbe t11e har' e of t

urf o.

eet of carburiz tioD is to deye10p hard, we
tou hero in BOlle moya, llach1lle parts, C 'buriz ti n

fJ the ooncentration of carbon OD the surface to c

ur

out 1/20 to 1/16 inch. The mechanical properties of the machine

pon

•
i no al11

h t-tre ted

to

r .•.eo an

•
anted from the cnrburize I'J chine art,rti

ohMic 1 propertie n cely h rdne 8 t th ~

micro ttucture of a c rburized achine

ieh 1" expected to b. tough and the other tor th 0

furn c • llence tho curburized m chine p ta

tien of car on and may Dot be sufficient nou
obYiou 1)' di tferent tor the ca.e aDd the oore due to . ffereD-

the cor. ince the earburized machine part set,; vari ble
ntl" tiOD in it. A double heat-treatment i r 00 ended. e

P

ti c

t

r

co i

to
to
car
for t

to be hard, wear-resietant. nig ly s tiof ot ry result

°by heating the earburized .aahiDe part 100 hove i t8 upper

or mperature aD par as it. coreoarboD percent. i conce~ed
n t d in water.

10 r

art i a ain h .ted to a te per ture 60°F bove its
1 temper tur. tollowed b1 wat r or oil u nchin and

7OOoF. This aethocl of heat-treat.ent i8 echem tiea11y
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Fit:. 8 (:arhllrizl'd Sll'd (100, )
High-Carholl CaS(' at Top
Low-Carholl Con' at Bottom 8
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I
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o

Time

D b e he t-tre will thus give be t 00 bin tion 0

::d t fin ained C 8._ and a tough and refined cor

h "'d

• 10.
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ent were conducted in a g88 tired furnace built b

1 '3 bricks (Fig. No. 11). The t'ul"I1&ce io ot reotangUlar eros -

s.ct~Lon h. in 4;1" wB11thickness, externel dillension be1n 42ltx36"x)2'.

mcntHll. •
ar pro1ided with circular holes for fitting t •

ill contain the T1tas gas and th 8p oi en
••

e roof' ot the furnace cODsidts ot 81 b ok

la1 cement. A sbort stem chimney is preyi. at tl centr
tor tho escape of' exhaust flue gases. T e b ck aU 0 t

tt
fU1"11sc:eC ntain two J4 circular holes tor the illBertion ot th oeo 1

th te p rature of the furnace.

is tired throush two burners from th ront • ch tic
• .•' • 12) owe the arrangement ot the bur rae he of

th ted by trial so that it ay Dotil ot ao •
•quirs about 2 to 3 hours time to get the'i' .uirctd c rburiziDa
900°0. Firing with a mixture ot ,air and 6 B re u1r t

othe r quired t perature of' 900 c. .0 t of th experl-
while the furnaoe was heated by lxture ot

rim nt 1 chambor containing the p oi
It "o bout 3 1.t rnal diameter and 54 length 0

6 i t

"i h 32 1s

• 1 h . pported from the aide wall t
no t 1

f of the furnace. Just out side the furnace 0 Y. one nd
of pipe i8 connected with a reducing ooket or h flow
of into the ohamber during the carburizin p riod whil other
en t ipe i titte .itb a threaded flange 80 th t this n of th
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"Sea le: ,
'1

10

Chimney

Foundation

Refractory
Slab

S te e I Specimen

Fire Clay Block

Experimental
Chamber

- Reducing
Socket

Furnace Wall
(Fire clay Brick)
Ref rae tor y
Aggregates

,- -- ...
I I
I •

•____ -.J __---,
flSignal

Lamp

Threaded
Flan _e

Burner

I

I
I
I

n.-, I

~lo h.l Cflr I r- - - - - - - - - - - -I" veall e I - - - - - - - - -~ - - - - - -
I I I

Cover ---.. I I r.=l .,.
- I..:: - - - t-_ -:.- ~-=..-= -= = -=-- .-=__..L - ..o.

J

Fig. 11 Half Sectional Elevation
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Furnace Body
Experimental Chamber

Burner

Meter
Blower
Flowrator

13 Reducing Socket
14 Controlling Valve

15 Air Chamber
16 Gas Chamber

17 Nozzle

18

19

1

2
3

4 Refractory Slab
') Chi mney

6 Fire Clay Block
7 Steel Specimen
8 Signal Lamp

9 Thermocouple

10 Threaded Flange

11 Moveable Cover

12 Indicating Pyrometer

12

-~.~---.r- -- ------ -- •.• -r '1- ~'.J ,.r.1..£'" 6_______ '- _ ::1.. _

13

18

15

14

Fig. 12 Schematic diagram of
experimental set - up

the



pipe i cl0.ed d. th a 1I0yeabl. cOYer. This aoyer is fitted gas tight

witl he flange so that it OaD be opened and clo.ect durirlg tho experi-

ment. lie arrangement helps the withdrawal of specimens after th appo1D-

"t d of carburisation. TowaJ'd. thia eDda '/16 exit hole is proTide"
80 thin stream ot excess SU esoapes r.omthe experimental chamber.

thin 1'1ame i. 'Vislble at this exit hole through a

can be ure that the chaJlber contalu the 188 the
.• i'''-

to the experimental sas who.. curburizi propert~ i

to miDed. AFlowrator Meter is placed in between r

to meaa"'" the SJlount ot g no 14 urin •

eXIX)-rir!~en •

eelmenBare ot low carbon .11d ste.l whosec bon cont t

w in! ia117 determined to b. 0.20" •• eYid.nt from rdcrostructur t
" It'1. 0.13. About tift)" specifieD. 01 'j/4 diu.ter but 1/Z thic'

pip t

or the experiMent. ince the experi.eDtal ch ,b r in oircu fir

tI II
sem1-elrcular tireo1&1 block ot 6 long and of:5 in i me r a

t

1 cing the. pec1m8l18inside the chamber. hree speci ena

h e t ot exporiment aDd the7 were placed at one nch part
n Y block.

lD before th firing of the furnace the cover of th ex
o or opened. h. fireclay block and the apecim De re pl c -d ju t

of th chamber i.e. near the central p t 0 the
bo coyer wa. replaced. The g.. wao then i

ch sh ••81 the air throuah tho exit hoi •
visible at the glaas jet au ahOWD in i8. No. 14, it



Fig.No.13 Microstructure of original low carbon mild
steel specimen (150 X).
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th n t. n that the chamber.an tully ot gas. The turn ce body w t n
u1table mixture ot air and gaa ahow d that 25 to ••

1me was sutfioient to rai.. the t••perature ot 900 - 925°0.
umel thermooouple.a. inaert.d through the hole on the back

was tabn &0 that the bot junction ot the the:rmocoupl m1 t

"th cluunber but remained within 1/4 to 1/2 close to the chamber.

r

11 t

burizin temperatur as re~ch.d. the eU ply 0 . r !1l gas

to maintain a titeR y temperature
i. .1.

I

.. ~



Fig.No. 14

The author is checking the flow of air and gas.
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ri nta conducted m 1 he cla sified into four
of temperature a8 shown in the att ched ehart. The .pee

t foUl' itferent temperatures viz. 850°0, 875°0, 900°0

dur tioD of holding tille at eaoh oategorl ot temper un 1

1 hour.. 2 hours and 2Yc! hours time. ftor h. tin for

time of 1} hour., 2 hours or ~ houre" tbe £iriof th •
continued and the opeoiaens ere allowed to cool in the h ti

on

cha!nbEt:r.

th room temperatur was reached, the specimen were wit dr,

rs etions of the carburized epec!m n .ere prep r d fo

mia e' etch. peeillene when vie.ed un .1" mic 0 co

of hy,p reutectiod, euteotoid end pro.eutectoid tructu ot
in iz 8 trom the surface towerda the co n 60

o 1 eu1~cct01d and prO-euteotoid depending on the time of

ay includo thcas depth. The etfective c
ther for., been made to find 'the extent of cort)u~i tioD

"microscope shows the zones of hyp r utectoid, eut ctio4

X
J i

"
I

toml)lU"attl1"o. f'
.1

11"J of the £ralns in the different re fo rent.
r
I •

of n wh n heated at constant temperatur h

U ~tct01dt eutectoid eto. will not develop theor

\1 ~c u the: do not contain uniform carbon. ceo di t\~~ ,

'11~riu dl gram of iron and iron-carbide, i fer nt

Ii h ''v iable percent ot carbon ahow iff n ai •.•8' •

th

of

,

)
f

-----

d

i.



oid on bon upto 0.60 p ree t, 1 p c -
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Fig, 15 Maximum Hardness Vs Carbon Content for Steels ~1

t gr n for th trecti c e d p h co
rio of ight ASTMat d

o. 16. Since th ize of th ut

low

of th hyp r ut etoi

numb r of gr ina 2 t 10z • prine

r r t k n fro the 5TH ain

T re caleul ted by noti g

gr uri d portion.
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• 1 ro ide xt t of 0 d pt for i

ot 1

10 n

ho in i. o. 17.

o ure oi for i

tio for ditt r nt cate..l~J:~eG

temperoLtut'e 1 to 21. h

i. • v ri 1 ext t ot. buri •

(ohare 1)

thi

Solid
Carbon

(Charcoal ).
Sealed

SECTION A-B

FIG. NO. 22

Carburizing Mixture
Normal Packing

d



~ .

then ce in the experimental chamb r containing Tltas Gas. The chamber
owhat d to the appointed time of ~ boul'S at 925 c. Iter t ely

temp r ur of 925°0 for ~ hour., the .tool block cooled slow11 in
th ch b r before being withdrawn at room temperature. The block was then
rea y or li bing and rdcro •.•:xam1Dation to tudl the comparatift rate of
car 1'1 tiOD • .Lhel' sult of carburization by gas, solid oarbon and c bu-
riz1 lxture 18 given in ohart No.2. The .ioro-structure of the carburiz.d
sh n in F1. as. 23 to 25 show. the ext nt of earbur1zat1on by itas
G. oarbon and c rburizing mixture •

.iero truoture shows that th extent of carburization by it aae

is the carburizing mixture. Again the microstructure reveal that
the carburization by solid charcoal is 1.. than the carburllliD.
mix bore of 4ch carburizing mixture aDd charcoal was plugged by a
small of teel rod to generate pressure durin heatin and to ••
•he r th re i any variation in the extent of carburization by pressure.

10 ture of Fi • Nos. Z3(b) aDd Z4(b) how. tha.t the extent of cn b -
1'1 ore du to pressure.

om. of the experiments the amount ot gas • ir ur~n
aha brand maintaining the speai en t con tent

d from Flowrator .ter to oalcul t the econol!dcal ap ct t

car izi edia shown by chart No. }. Neoea ry c lcul tioD e given

in ix- •



'.CAnL' NO.1 , ASTM GRAIN SIZE8

r o. Meaa NUlftber of gJ"a1D. Grain per.2
per lllf at 100 X

-, 0.06 1

-2 0.12 2

-1 0.2' ••
0 0.' 8

1 1 16
2 2 :52, 4 64

Usual 4 8 128
•• 16 256,

6 '2 512
7 64 1024

8 128 .~2048

9 ~. 4096
10 '12 8200

11 1024 16400 (,

12 2048 32800



CH

Hol i .an • depth,
C te ry umber C

• ,hr• of ai inch.
per in2•
at 100

1 , 0.50 0.00 0.020

1 850°0 2 2 4 8 0.35 0.0035 7 0.0245, , 4 0.50 0.005 5 0.025

1}~ 4 8 0.3' 0.0035 7 0.0245

2 8750 , 2 •• 8 0.35 0.0035 8 0.028

6 :5 It 0.50 6 0.030

7 4 8 10 0.035

:5 900 c 2 :; ,. 8 0.040

9 :5 1+ 0.50 9 0.045

10 'fA 3 4 0.50 9 0.045

4 11 2 :; 4 0•.50 11 0.055

1 2 2 0.70 9 0.063
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i
numb
of grains
per,in.2
at 100,

Chare

reo

It It

"

4

:5

3

3

:3

.~.'...:

8

't

it

0.35

0•.50

0.50

o.

•

.005

.005

o.

o.

.5

6

8

11

13

0.0175

0.0.30

0.040

.",55

+-~
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c.CHART NO. 3

Volume of three case depth HoI din e;, I ..••~_~~:~_~=..- I Coat 1D 7aKa.
.tioll I one inch cube .t.el clesired ill tomptrature.specimens to be inch. c.carbvized,

cuJ:.ic inch.

1 I I I
i -.

•1 925 It ci"t 0.03T1tllli GaD I , r

,

• '::""'rInduatryl
ce of 1000 eft.

1r

tas Gas 13 Tk. 7.20.

~.5 .b. .00

-+-
rv



(0)

Fig. 18 Microstructure of the steel
specimens carburized
() 8 ° .a at 50 C for 1~ hours.
(b) at 850°C for 2 hours.
(c) at 850°C for 212 hours.

( 150 X )

High-qarbon case at the bottom;
LOW-carbon core at the top.

(b)

(c)

43



(0 )

Fig. 19 Microstructure of the
steel specimens carburized
(a) at 875°C for 1% hours.
(b) at 875°C for 2 hours.
(c) at 875°C for 2% hours.
High-carbon case at the bottom;
Low-carbon core at the top.

.
---~

(b)

(c )

44



(0)

Fig.No.20 Microstructure of
the steel specimens carburized
(a) at 900°C for 1~ hours.

},

900°C(b) at for 2 hours.
(c) at 900°C for 2Y2 hours.

( 150 X )

High-carbon case at the bottom;
Low-carbon core at the top.

45

(b)



(0)

Fig.No.21 Microstructure of
the steel specimens carburized
(a) at 925°C for 1Y<1hours.
(b) at 925°C for 2 hours.
(c) at 925°C for 2Y2 hours.

(100 X)
High-carbon case at the bottom;
Low-carbon core at the top.

(c)



(a)

47

( b)

Fig.No.23 Microstructure of the steel shaft carburized
at 9250 C for 2}2hours with solid carbon (charcoal)
(a) Packing - Normal
(b) Packing - Sealed

( 100 X)

High-carbon case at the bottom;'
Low-carbon core at the top.

-----



(0)

48

(b)

Fig.No.24 Microstructure of the steel shaft carburized at
925°C for 2~ hours with conventional carburized mixture
(a) Packing - Normal
(b) Packing - sealed

(100 X)

High-carbon case at the bottom;
Low-carbon core at the top.



Fie.No.25 Xicrostructure of the steel shaft carburized
at 928°C for 2~ hours with Titas Gas. (100 X)
High-carbon case at the bottom;
Low-carbon core at the top.

49
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CONcLuSION

t 0 1'10l:'mlJ;1

pr so

in 11 the follo.inB info~ation. may b. eumm rimed from the
e nt. performed under this project.

e itas Gas can be succe.stully utilized in carburlzin th low
carb 1 parts used as a tool or important machine parts to resist
.e ar durin the service.

xperi ent alao prove that 80 long other factors re ain
COns1~~Lt th r t of 0 rburization i. more compared to other .thad ot

c riz tion n ely conventional pack carburizing mixture aD olid
c bOn. Ch rt o. 2 sho•• that under identical conditions carburlz tion
bJ Tit G i about 6~ aDd 270% .ore than carburizing mixture and solid
o otiv.1J.

t io. 1, licrostructureof Fig. Noa. 18 to 21 d Graph of
Fi • 10. 17 how th t th extent of carburizatioD is function ot t
an .r ture i.e. higher th temperature and long r th carburizin
peri ,t e at r will be th ca.e depth. Also the rat of carburi ti

t el v.ted temperature wh11e the same 1 low t

fro aph of Fig. No. 17.

t 10. 2 al 0 nyeala that carburiz tion 1s also function ot
ot 1 .edium. icroatructure of Fig. 23(b) an • 24(b) ah a

gr r ox1~en.tof 0 rburizatlon at higher pressure obtained by plug in
the or contain! th solid carbon and carburiz m1xtur co d

ckin ODe F1g.Z}(a) and 24(.) under eAt

•

J
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o exp rim nt also revealed that carburiz tion i i

iv:l rise to the formation at soot depo it.
cl an gas

be

t oaphere compared to the condition somo s ha

Chart No. 3 shows that c rburiz tion by Titas Gas is ch ap r th
po" c burizin mixture or any other medium. About 4 oft. of Titas G B

is au fioi nt to carburize three .teel specimens at one i~h cube to
II 0d pth of 1/20 t temperatur ot 925 C while about 1.5 lb f carburizing

mixture ill be r~quir d to carburize the ame volume of peci n to th
extent t the B e te perature. The cost of 4 eft. Tit G is

neglig:l 1 as co pared to the carburizin mixtur. Morea. r some of th
in adient of the carburizing mixture. such as Siz d co e, ari carbo-

n t. t Caloium carbonate, .sodium carbon te etc. are imported fro broad

t hi cost and thus required foreign xchan e. Be es,

of ju ioio carburizin mixtur is a kill job o n umin •

I 8 leo observed that carburization by Tit
hir production capacity because of shorter carburizin tim.

ri nts &1:80 8~OW that uniform caee depth can b obtain d b~

the gas compar d to that by carburizin mixture.

Com lio. ted machine part can .a8i ly be c rburiz d by th gas.

Co id ri g th bove mentioned fact. the ,Tit is here 'Y

to us a c b*rizin m dium for surf' ce hardening

t • An;! industri 1 concern wher Tit Gas h not

y ee d In procure high pr sur gas cylinder d can us

the ae inc carburizing th steel parts.
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Since the experiments under this project proved that the carburiza-

tion by natural gas (Titas Gas) has been successfully carried on, some

actual work of low carbo~ mild steel shafts supplied by some outside party

has been very satisfactorily carburized by this method in this department.

Recently the demonstration of carburization to the departme~tal students.

is being carried on by this method.

The work so far carried under this project suggests few more investi-

gati~ns to be followed:

(1) Analysis of the gas ieaving the carburizing chamber.

(2) Volume of the gas required for heating the' carburizing chamber.

This will provide an overall economic aspect of the whole project.

(3) During experiment heavy soot deposition was observed in some

cases. Some experiments may be conducted to find the optimum temperature

of cracking the Titas Gas so that cracked gas product i.e. soot may used

as an ingTedient in the manufacture of black paint, shoe polish, coating

materials ,etc.

• ,I
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APPENDIX-A

aa1cnalatioa to fiJld the .xt •• t of oarburlllatloa i •••cu. d.pth

case de~th tor 2Pt. Ko.1

In Expt. NO. 1 the caI"bulud portioll of the .t •• l .peoiMa upto

o.6~ carbon aho•• d a.erage graia ai •• No.' at 1ooX.

No. fI'OII ABTM araiA .iz. ohart ria. No. 16 aad grain .1. table 1,

1b.2 at 100XCOBtal. It Ird. on a•• rap

It la.a .." •• 16" tt ••

OZ'2" 1eqth at 100Xoo.taiu J16 • ,. paill. on a,"rage

:. '. 'I. It gralu at 100X000Up7a l.ngth of 2tt

1 grain .t 100X " It It "+- 0•.50"

"1 grda at 1l0l'llal.i.. ".. ••0.005

Nowtotal IllDlb.1" of p".iu ia the oarburi •• 4 cu. of the ape.iII.n

.hen vi.wed UAear17 through the .tcro.cop •• ,.
t.

,'. tb. required 0... d.pth • 0.00' X~ • 0.020

III ESpt. Ro.5 the oarburi •• d portion of the .teel .peci •• a upto

0.6% oarboDabowed••• rage grab si •• Dumberit .t 1ooX.

Nowfro. ASTM grain 8i.e chart of Fil. 1(0.16 an4 AS'l'M gra1a eize table 1,

1 i •• 2 at 100Xcont.iDa 8 araiu OD•.•••r •••

4 iDea at 100Xcoataills ,. X 8 • '2 grains on a.erap

O~ 2" l •• gth at 100XcoataiA• .fj2 • ,.68 graiu.oon average.

-~



5.5

n
... 5.68 graiJla at 100XOCcup7 2 length

2 fI
1 rain at 100X OCcup7 ,.68. o.,s

.-1 grain at normal Bi.. OCCUp7 0.003S

:0 total no. of raiDa on the carburized case of t p cimen

line 1"11 through .icroBcope •• 8

•.. the required ca.. d.pt "• 0.003S X 8 • 0.028

c
oTe.p.925 CI t1.. 2)' hI'S.

t. No.12 the carburlzed portion of the 1 pecimeSt

11 to • carbo sho.e a••rase Ira1n .1.e number 2 t 100X

fro cT I grain 8i~. chart ot i • 0.16 .ble 1,

1 1D.2 at 100X contain. 2 raiD. on

1Jh2 at 100X contaiJ18 8 graina on

It 18 = 2.84 graiDs1"2 t 100X. contain on avera
n

. • 2.84 grains t 100x occupy a length of 2

2 "1 in t 100X OCCUpl leD th ot ~ • 0.70
n

1 ain at normal Bize tf " n 0.0070

• of grain on the carburized 0 of th

line rly through microscope • 9
fI It

h. q ired ca88 depth • 0.0070 X 9 • 0.06,

..



APPEr lX-B

Calculation for Chart No.3

and earburi.in6 .ixture required to carburi.e three one
inc teel apec1menaeeperate171

( A) 10 rator Meter reading i. 3, Temperature )6°F It pressure - olle

•
rato t r reading' represents the Yolu_ of air of 1650 ce/min.

t 1 .7 and ?OOF.

et
Si:lCO t it,. of air and that of Titas G

e n idered to be 211 at 86°F,
hieh i8 omin '11

•-, Vol of at ° atmosphere ••d 86°F a 25 co/min •
825 J.• _ •..••.._-, ctt,min.

(2.54x12)
• 0.029 cft/min.

925 c (

hour ot 1 carburizing time including hal an hour h tinr
t1 • 1s needed to produce c t ot~" t

(B) leul t how uoh conventional
be to burl e the thr e st 1 p ci na to t e e extent
of c eptb.

Qol1er'ally in p ck c rburization, the d•• ired steel apecimeas
p 1 the carburizin mixtur ma1ntainin uniform thickness of th

n
mix :r 0 bout 1/2. on all ide of th l.>8oi n. at 1 0

..•
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"2 B inch in sa-.ection end , in heigh' will e ultici ent t

hol n in a ••dium ot carburiz1ng ixture.

ot c 1:1 Volu • of h box - volume ot -e1 ena.
a L(2X2X5) - , ] ubi inch
• ( 20 - .3 ) cubic inch
• 17 cubic inch
= 0.01 ctt.

11'io avi '1 of the c rburizin 0 ul
I

t composi tion p. gr.

Ae c 0 5.5 parte 0.55 2.2 1. 1

30prt 0.30 1. 0.,40
10 parte 0.10 ., .4~

on te , part. 0.0' 2.7 • 0.081
sod! c onat 2 parts 0.02X2.,3 1:1

• _ Sp. gr. of the mixture

f t reqd. oarburiziug mixture I: 2.307 • 62.4'0. 1 1.' 1 •

t of aotivated charcoal I: 1•.5XO•.5, I: o. 25 1 •
tI •• i£ coke • 1.5xO•.30 0.450 II

carbonat. e 1•.5X).10 c 0.150 u

I Calcium carbonate I: 1.,XO.0, I: 0.04S II

~odium carbonate I: 1.5 0.02 0.0,0 It



s

'ow coat ot 0.82.5 lb•• activated charcoal. 0.825Xl.OO. .0. as
".

of 0.450 lb .i ••d ooke

" of 0.150 lb BariUllcarbonat.

11 ot 0.045 lb calc1ua oarbonat.

" f 0.0;50 lb socliwa oarbolULte

• 0.4.50Xl.OO • Tk. 0.;50

• O.l.50X2.5.00. Tk. '.250

• O.04'XO.25 • Tk.O.03G
• O.030X5.00. k. 0.150

~. . otal coat of tile mixture • Tk. 4.11

I r;, it,,-
1~<6,"9
lI.10'b

," .
,\1.

'. \

j )
j /

-
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