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ABSTRACT

In this study, the atmospheric oxidation behavior of Cold Direct Reduced Iron (CDRI), Hot Briquetted Iron (HBI) and Cold
Briquetted Iron and Carbon (CBIC) was modeled by obtained experimental results from oxidation tests using Design Of
Experiments (DOE) method. 3-month oxidation tests at 25, 65 and 110 °C and relative humidity of 30 and 90% were also
done on CDRI and CBIC to study the kinetics and determine the controlling mechanisms of their oxidation process. The results
showed that increasing the environmental temperature from 25 to 65 °C raises oxidation rate 2 to 2.5 times. Moreover, raising
the temperature from 25 to 110 °C makes the oxidation rate larger up to 4 times. On the other hand, changing the controlling
mechanism of oxidation of Direct Reduced Iron (DRI) family products took place sooner at higher temperatures. This is due to
the higher kinetics of oxidation reactions at higher temperatures which accelerates the formation of oxidation products and
blocking the pores near the surface. Activation energy of the first stage oxidation of CDRI and CBIC was measured in the range
of 105-138 KJ/mole indicating the process was mixed-controlled (by chemical reaction and diffusion). But, the much lower
activation energy of the second stage (30-42 KJ/mole) showed that diffusion was the only controlling factor of this process.
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5. Blast Furnace- Basic Oxygen Furnace (BF-BOF)
6. Electric Steelmaking Furnace
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4. Hot Briquetted Iron
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7. Cold Briquetted Iron and Carbon
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12. Hydrated Lime
13. Metallization Degree = Fe metal wt% + Fe total wt%
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15. Iron (l1l) Chloride
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22. Response Surface Method
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24. Quadratic Equation

25. Predicted Response
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31. Frequency Factor (or pre-exponential factor)

30. Oxidation Rate Constant

http:metalleng.ir/



¥ ojled . Y¥ 095 1144 5L

A ir

"0rt5 9 0T 3 e G " Ugpazme (gl g S0 (o 5 (S (w2 (Sl e

90

=+—=CDRI-1 =4=CDRI-2
CBIC-1 =&—-CBIC-2

80

70

60

50

40
- ,F—-——'—_+

i ‘/ 1

Weight gain (x 10~-7 g/cm2)

10
0 T T T T T T T T |
0 10 20 30 40 50 60 70 80 20
Time (x 1045 sec)
(eob o laze =Y (i Laa =1) YO °C jo lej coisdS L ladiged ygpmlanS 51 Lol 58 Giul3l Y JSC%
90
=—=CDRI-1 =+—=CDRI-2
CBIC-1 —&-CBIC-2
80
70
60

50 /
40

) Z

Weight gain (x10+-7 g/cm2)

N

10

0 10 20 30

Time (x 1045 sec)

50 60 70 80 20

(sbyo Lame =Y (St Lame =1) £0 °C 45 o cuiidS b laaigas (ysalionST 5| ol 55 Lialidl ¥ JSC

CDRI Jgama oals alloy (39 (inlydl slajloges oyl o
VY- °C g PO YO lod aw ol 4 Cd CBIC
aS jeblen el csmlie B T LY SO 0 s
YV °C o PO a4 Y0 °C 5l laore (sloo iol58lcaus lg5 oo
WS baiged (pemlienST Coyu az g BB Gl el
a0 8l YL e glales o ppee Ol as el
Oeizeed 223 oo 5Lis MelS 1) DRI 0olgils Y gams (5518
W oo bliiwl sael Cands sl jloges 5 aS 6, K0 4SS
30 e S0k a5) b jloged (SaSs a5 cenl Sloj o
RGN PN NP RN (W (RSP VO KWW 3 [P VEL g JLEL P b1 L O
3om eSs pl YO °C sleo jo aS 098 o cline

http:metalleng.ir/

2 oS Y iy Gl 4 e g3l ez e
9 CDRI sladigas (9 (Bl cod 5 oo 098 o0 Jpazeo
Wlee cends iz olos Lyl jo ley <usdS L CBIC
ladigos ofzg grlams Corlis i o505 Gaslo 1

LIYT il oas ools las sl allie o a5 loy cesdS L
om gl slaple; )0 Jgpams j» ohg mhw Colus
Sboy slaosl jo Jlo aloe Casds pganlannST £9,5
oy e 2 8) Uiy GRIBl D95 e b icsine
aiged 2 Toadalle 55 Gl ke em?) Jpame
Cawds gbos g gugb, e Lyl (o (8/cm? axlg L)

32. Normalized Weight Gain

Y




¥ ooslad. Y¥ 093, 1199 5l

Yy

Yo&-v94 b&oﬁ,:lﬁiuﬂg Qli}’

90

== CDRI-1
CBIC-1

=4=CDRI-2
——-CBIC-2

80

|

-

70 /
60

: 7

=
g
|*]
o
[l
< = L —
: A ———
5 . T
E 10 -
®
: Al
= 30 -
3 / //
Q
= 2
10 -
0 ¥ T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90
Time (x 105 sec)
(b yo Lazee - (S Lasma =1) 11+ °C 1 loj S b badiged gmalonnST 51 Juols o555 ialydl P S5
-26
—¢— CDRI-1  —¢= CDRI-2
-0~ CBIC-1  —g~ CBIC-2
-26.5
=)
E *
g =27
. +
B
—=.275 \
— e
m i
S
E 28
= L 4
w-28.5 .
3 .
& =29 3
=
-29.5
-30 T T T T 1
25 27 29 31 33 35
10,000/T (1/Kelvin)

(wsb e daome Y (St Lamma —1) Gilisee slales 1o Ladiged sl alo o gl 5.0 UK

CBIC 5 CORI =¥gams (gl el yo o ;5 cplyliy Ccm?
o uj...w‘..\ms‘ C'A.C).w dw sg:_vj.‘afo 9 S Ja...?oo 9o 4o
2 Ll I8 b aS 0gd o dumle calises
: , 1000 ,

B ..\."GA Cowdy I 9 IN J&w Jdnr— )‘b}o.s
Jyame o 4y byye bl g5, » "aig, b Jleel |
Wolao bl 3 45 Sge (g Soshul ) Lo 1 ot ol oo
59l cal> S e P pdy el 2 Slao F
S3Al 22 A T0000R S ( )
Lol ooalie BB O Jgoz j0 a5 sel valys

oo duw

33. Trend Line

oS b o oolidl Glisl (a4l £+ /FA x 1 +2) 39, Vo sg0
S roleS slaley jo (KiwSs I VY + °C o £0 slalos o
(asB OVIAF XV +2) 59,80 5l oy 5 ) Sl oals #8ly
@ Olgise |, )8, cnl 9By (il FYIY e X1 -5 55,01 4
3 5 Yl lales )0 (gl gla STy SVL S
olawil 5 gumlannST Y game LS [0 a pud cdoed
Bl s waw 4 S0 sl 5l
a lgel [0 d9zge cud S &S (Jige O
5 adsl aAl>je g0 Gl Cux (Spde Jad glsie
b b plgee g a3 S Sl o eamlannST 450
oy Ko a5 ojloged ool al>pe o (3ged (23

http:metalleng.ir/



A ir

"0rt5 9 0T 3 e G " Ugpazme (gl g S0 (o 5 (S (w2 (Sl e

-28

-28.5

—4— CDRI-1 —— CDRI-2
CBIC-1  —— CBIC-2

-29

-29.5

-30 \

e —

-31

-30.5
\

In (oxidation rate) (g/sec.cm2)

-31.5

-32 T

25 27 29
10,000/T (1/Kelvin)

31 33 35

(w5 yo basms —Y (Sis Lama =) Cilises slales 1o ladiges pgo Al po il &5 8 S5

5S¢ gumlannST OV sass LSS alauly 45 0ole J1o
Jole ools (5,0 4 e oot Jolge 3985 ol o
T V) JUUR RV TRV ] (S IR VRRA FER ) JE PR CEL g Uet
) DRI uygm uﬁw‘de.s‘ MT).Q OA».*SJ)»J J‘“"?‘"
D] Towhidi a5 el uls b sl o Gudis oy
5,55 [val Fruehan g Kaushik ¢ [Y¥] il 5w 4 Gray
99 pplse SG aS [VY] Towhidi Jlis olgic 4 ilodges
ool 03 g00 ol.e(u.w CDRI uw‘W‘ Lgl)'? ‘) 6‘41.>)A
plxil Ce p s J S Jele sl ol jon b s o
O3S (g fwd &5 pgs al>pe j5 g aBb e bS]
3485 g oo LS o oole Sl (5508 ool 4 o
Gray Sladod bl uores Og dlss ouisS S Jole
anl B og sl e g0 5l Sk g VY] Ll K 4
] 009 HBI uw‘»\ms‘
Gipl &S cal ol Ko axg BB A e
sl e o a5 5l g BB pe o a5
L ‘slaw oS JA|9.€- (e D Mls 9 G)L""“"S")"
@ 00inS| alge 3985 Coadl amil j0 45 004y (5318 oyl
Comw 4 1) ygumleiST (65 51 g 0ole ialdl 1) sole g0
B (a5 gl gatST (6551 () J S -398 o3game

ol 00l

I,CCD b Lawgi ouls )b 6[@&LA)-’| 2l F Jsas
35 50 s ool Sy i 4 azgi b Jl o o L

http:metalleng.ir/

Lua)) CBIC 5 CDRI (sl oypendsssT 5,0 & Joa
(wsbye aome -V (Sts

(KJ/mole) ¢ygumlguST 55 5!

Jeazxo

pgo al> 5o Jol al> 5o
fY/¥ VAN CDRI-1
YE/A VWO CDRI-2
Yo VYY/O CBIC-1
va/q V- O/A CBIC-2

O3elgaST (5551 ged osalive i on a5 jsbilen

LR A 039dZte 4O UYM JS‘ 4.1>)A UW‘M‘S|
Sgge Slo 155 L o] anslis a5 o ks 1,8 VYA KI/mole
ol g 3585 ol g0 bglse s oo ylas [YVe YL YE]
Ao Fimb <l 4 GarleST 550 s )b
OAJJJJ éj.q_w LQA FLR g.,u.r_‘i‘s U)‘ )‘ ‘;L> P9
o 555 ;5 (g0pnST SV game oS5 a5 ¢ graslins]
0aiiS J S Jale cenl ol o LT slodl g lans 4y o038
3gi5 ey 5 Lo hiSTy plowl e pu I (osle ] 3
G oS WYgame JSi alsje cpl o 0ll
Gl ool 4 Cand gibn Jse o 45 el 052y
b yiiSly ploul Jbd mlaw coluwe als 4 o wiyls
s ANVY] sl oty 0l lias 3t allie ,0) 94 oo
G ool a4 laore 5enST cw s 4 g al> e o

¥ ojled . Y¥ 095 1144 5L

YIf




&}j" .
Y oosleds. YY¥ 053 1¥44 500 YeFoVIA 5 Sed 5 SSSL ybgy U/J/ L/JH

L‘bdjw uwlm‘ )ll.é) (_glj.g CCD C)Ja Ja...:y X% 6>|]Ja (_S‘L‘Z’WL")T 6L®eb|o ;Jg»

() o yudio
R . 0,lous
(%) 5316 4 yo I Gapols=X, (%) oo Cusby=X, oo
Y1 Yo I CDRI \
Y/ YO I HBI Y
VY Yo Yy HBI Y
NS Yo Yy CDRI ¥
\I$ Vo 5. HBI 5
AN VY. A CDRI 4
VA f- A+ HBI Y
Y/ YO e CBIC A
VA t- ¥ CBIC a
YIY e f- CDRI \e.
£/A €. A CDRI VY
Y/ Yo 7o CDRI \Y
N Yo 7 HBI VY
Y/ VY- A HBI \F
Y Y. €. CBIC Vo
Y/ Yo AA CBIC \&
#IN ARl ¥ CDRI \Y
VY VY. ¥ HBI YA
A Yo A CDRI 4
Y/ Yo AA HBI Y-
VIV Yo Yy CBIC Y
/A ¥ ¥ HBI Yy
\/$ €. A CBIC Yy
<IN Yo 7o CBIC Yf
Y Yo 7o CDRI Yo
YI¥ YO s. CDRI vs
\1A Yo 7 CBIC Yy
YV VY- A+ CBIC YA
Vi Yo 7 HBI Y4
YO Yo 7 CBIC Y.

88,5 &l o2 s St CablB b Lol sla o

) dolzo - . L
ool slalro s 5115800 5 dawsgs Wosls cuwy 5l e
Ln(MD-loss,_,, )=-0.69456+0.0188X +0.038398X - Tonh s ped dzys Jow 3l eolitul a5 ad aseis
0.0000316X,.X,-0.0000664X,>-0.00018X,? .55 4 (V) b () &¥obxa ans] camslio o Jore al,) (sl
¢) dolse I, CBIC 4 HBI CDRI &Ygaxo slp golpiins sl Jos
Sagby woys wlal p plgoe ulgy cnl ) ams oo ol
Ln(MD-loss, . }=-2.23139+0.0175X +0.041192X -

ot RN SO0 (X)) G, ley s g X)) b ool

0.0000316X,.X,-0.0000664X >-0.00018X,’ Sei s |y U JPSPSIEPVE
. o ) Jyeoe )

34. Transformed Quadratic Equation

Vo

http:metalleng.ir/




A ir

" 005 9 T 2y S " Jgaatna (ygamlannST (5l 345150 (omaS g (Skiaws o553 (6 5L Jdo

2.20—

o

S 1.48—

[=]

=9

W

(5}

=7

= ]

o 0.75

E)

o=

o

)

=

A 0.03—

=]
m
-0.7—

T T
-0.69 0.02

T T T
0.73 1.44 2.15

Actual Response

Joe 5l eads o i polie g o siole;] 5l el oy polie Sincon jloges .V S5

cdl iolosl dw o cmio wlidie ,o sl 5l soliiwl ol 4
o iole;] ol plosl jeiS alies liwl dw jo (5508 ax o
s Sasb)) pliwie slaplinl jo a8 vg Ojse (o
Voo 630 Sy (a3 Te (o Sagh)) 05 g (000 00
A o Casby) 5500 il 5 5 ORI o 5oL
5 dged Glgie 4 HBI o0,S6lS Voo (g0 S (Qo)0
bz )3 anle S (650K 5l am g 8 g oad axs S L
S35 4 e w08 el bl (5, » 3k 4z y0 5IUT ol
5 anle SO Sae ol o bdiges are sles a5 Col
8l e YV gaz ol ails (I3 Y. °C LY oogae
Ol obe Sl 1y (b)) )90 sladiged 5318 ax o
CDRI d5gai dgai oanlin ;lgs oo a5 jobjlen om0 oo
G oy g oliwger sliwl jo anle SO (gilwo S 5
ol el ouls g8 ax o cdlas o ¥ g YA Jlao s s
‘((a) 4.]0[.9.4) o\.\.o—‘ s JM u,uLw‘ 5 aS ol (5]l'> )
2 GySl8 ole G5l ey CDRI (6508 azyo il e
VA0 oS5 4 a0 Ve g 00 (s Cugb, b plalae
az o bl e s Bk 5l og sales ws s YNG4
Sga> 5 5e 0 Ll 55 (605,13 oo SG 51 ey HBI (552
oles) golpiiony Jowo a5 >y Conl 039 auoyo < /AD
3 Jyame pl 318 a0 sas 0 /Al Ll ()
b a5 098 c0 0030 0,15 Qo P AD s Cugb, b lae
3,0 Y B0 s aio sloiole;] 5l soel s
Ol$ise alplo wes oo plas ) badas (i 4 S
L Jed JB job 4 cxo sl ioles] li as cél o
ol 5l olgs e 5 0l cisllas o Jae 5l el Cawas b
OgamlianST JB8) Gy Cuz oad Ll laJas 4
oolaiwl gaio whids ;5 DRI oolgils calide &Y gams

Sged

http:metalleng.ir/

(V) doleo

Ln(MD-loss, )=-1.74273+0.0165X,+0.039212X -

0.0000316X,.X,-0.0000664X,-0.00018X *

Ggwly jloges oad &l Jow ColaS pwyp
Joe 5l ead duoian polie g laialesl 5l ool oy
G oaline J.vlﬂ VJ&M L aS .»o)f Sp) 60%
(Srod Ll 51 S 52 6l s Dl o0 &5 j5biles
45018 392y ond nie 9 (Hly nolie o (Jod JB
Al e 2l Joe coo Sl
Olger odel Cawdy Laslg, 5l eolatul b Koo b
@ S Jgaze o (Zwly a5) Eul oman 6l 5L
@ il (Soaly plie B oged o) |y 39250 slo it
4 b e glapl SLho A JSC 0ad ools yiolad e by e
oS jshailan a3 o oL |, CBIC g HBI (CDRI Jgase du
9 e (oo Cusb) e 93 8 wged sdalin Ol e
gl oo DY gaste (658 a0 Cdl e ioli8l el ol
Lyl i s Conns Jgame opl i Calus a5 conl i
Qa3 o lid zaog | ES p SY game b awslis o0 ]
2Ok g (o Cagh piie 9 loyen S S B
3 8 i g olay o 1 VL (g s
Coadly (ol Sl a5 Sl (g tie Sged DY game 5L
20k 80 Glie p 3l oo Janmme (oo Cugh, 45
GBS pl 0 sdwliawds slaae cds bl cus

¥ ojled . Y¥ 095 1144 5L

Y\#




Yoleds. Y¥ 0,95 1¥44 500 LET 0 ALERCOVPINIER (PN

(1)

LTSS "‘ LTSRS <o
e e Y,
S <SS

PSS
e e e et e et e
PR S PE PO ST OCEICTOCTED
<SS
aStettestees
SIS
‘:“‘

Ln(MD-loss)

110.00

2.09186 75.00
I 57.50 50.00  X;= Humidity (%)

X;= Time (day)
-0.693147 40.00

(<)

_
172]
72
=
T
=]
=
o
=
-1
-110.00
2.09186 75.00 60.00
I X,= Time (day)  57.50 50.00 X:= Humidity (%)
-0.693147 40.00
(<)
0.775
-
7]
& o045
-
=]
= 0125
o
S
-1
110.00 80.00
70.00
2.09186 75.00 60.00
I Xz= Time (day) 57-50 50.00  X;= Humidity (%)
-0.693147 40.00

Lsre o Cushs) 5 Slaj w2 CBIC (& g HBI (o «CDRI (Gl gnlinnT 18, el g, A JS

asle S (6,055 5l e sirio wliio 15 DRI oolgils sladiges (518 ax o il .Y Jgue

S yliwl o CDRI obwjgs yLwl o CDRI Aigos

O 702 oyliw! o HBI
Y/A (%) 3 ax 5 cél

<IN Y

O Kiaio g bz 4 0lg oo odal Gy slaJoe
Jolse Sl 314y U ooges SLLL oS oYgd 4 ool Cais
9 l;‘,o 9 IR LH..J DRI 00‘5.11.7- UY}»ADLA )Ld) » ‘5]4..241

Jw5djuoﬂ55w)o¢y?amoi‘j‘«_§iﬂ%&n
saio Gblo ol £45 4 4z b uied Siym o
GLQ..\:>|5 6‘)’. Gmb &‘)" ..\;‘9.:‘5;’ W) ASU LsLQJ..M c)};';f

http:metalleng.ir/

Y\Y




A ir

S S aois ¥

g Jyaze HgmalannST 8, gy 4 dlie cnl o

Ygame Glgie 4 HBI g CDRI L )] awslis g CBIC

ol 25 7 4 sdel s

Pl YO UY ceb PO C VO 3l oo sloo Ll )
DRI oo‘yl} ;.)Y}M ‘_g)b 4> )0 cal Ly u.\...u
AV C o hae gloo moldl as b 0 005
YOC sloobdame plp FUY I, 638 ax 0 cilz)
Dged Jlgs

o..\....SLJ]uS ro).ulin poves) Yo C° C;Loé L Lo ) Y
39, Y+ 0502 5l s DRI oolgils Y guame ¢y guwlduns|
SV PC o 20 lales jo a5 Jb 0wl o sl
Sgm o0 E89 4 5 5obsS slagle) o prlSle jis
S & )68, (0l Gy B0 9 70 5l G oSS @)
g gn 0318 s prlas 4y S0
3,le 1,3 VWA KI/mole ) + 0 sdga5xe ;0 DRI oolgil>
5 8585 Jole 5 bole Luugt anl J 8 Sl a5
22T, oaisS S Jele 5 S5 o Sl ZapaBly o
O Ay 3l 3L a5 Sl CDRI ws j0 A+ LA sq0>
oainST Jolge g yiws Grals g o920 slo el
dlor lesSe p anl B 5o 58 pal e (asee

Nt I eSO U DL SRVE P AW R F g S
4 Cens CBIC 4 HBI (CDRI &¥gams 36 a0
ool 3590 (65,1005 Loy D g laore ond Cusbs,
WSSl

http:metalleng.ir/

" 005 9 T 2y S " Jgaatna (ygamlannST (5l 345150 (omaS g (Skiaws o553 (6 5L Jdo

By (St 4 BBl 55aS 50 39290 el Lo
T loonsd o > 055 SVgams Gyplipn]
g oolitl S o)l (n 5 550 9 (n e g Sl
Ailes 3, (g3lwo¥sd slaazly jo 345 Jeamo

DRI &Y gamms (6306 4y <l ol il gl ,y0 06, |
Sloyahly 2 (SoSI slesYsd slao,sS 4 oud 5L
Ygame (pl 89,9 a5 w0 o lis Lol 8 ol Sllee
Bl Sl el 0,65 s, 0 AN 51 S glb ax o b
55 ond Pogd b osd ey s (Kol 655 B pan
ilos¥sd sloanze (b3l 5 Tadg ply (RelS s
) s3lws¥sd golaidl 5 (8 g pdyarg g atsls o 0,
sloasly 5l Sloe ola 158 [¥a-vV] was 13 56 cos
b 8 el o ) (S 5 58 b (sl
932, M 5l 7S (518 ax )0 LDRIE (5 pdy 5l Ll 5l
Saze > Jb e gl sg> lae,ss a o 5L
Cu> DRI oolgls c¥game (638 a0 aieS o> oS
w85 5l 50wy AN (s3lesYsd (sleo sS4 F5e 5L
00 9Jgi DRI WY gamme oS Zoably (pl 4y Colie b g 090
Wld deo,0 AV LAY (638 ax o ol)lo Ll jauis po
SYgare jlxe 38 a0 S8l e a5 SBL s Olse
¥ o silosVgd )95 4 5)La ey b adg ol 51 DR
Sl sla Jow 5l les s cod 3 pay 0gs dalgs do O L
Jyass £ 45 a>95 L U 005 ool Gudod ol ;o 00l
Jyame o518 az )0 i glal oy j0 0ol o)y
@l JB 5 Jox g )l e bulyd (rizmes
ol s Dyl T S slre oy D ez
bl ozly slp pa sonie Jlons SleMbl Wlgi oo (e
Wl a4 oS Wl s 4 g5lwoVed axly ob 5 pubinns
oolaiwl Loyl 1 g 0950 (ygul s &8s 4§ Sy Dlosouad
D50t dlg> SaS Joazo

35. Tap-to-Tap Time
36. Productivity

¥ ojled . Y¥ 095 1144 5L

YA




¥ ooslad. Y¥ 093, 1199 5l

4

References

[1] M. Kirschen, K. Badr and H. Pfeifer, “Influence of direct re-
duced iron on the energy balance of the electric arc furnace in
steel industry”, Energy, vol. 36, pp. 6146-6155, 2011.

[2] S. K. Dutta, A. B. Lele and N. K. Pancholi, “Studies on direct
reduced iron melting in induction furnace”, Trans. Indian Inst.
Met., vol. 57, no. 5, pp. 467-473, 2004.

[3] M. Abel and M. Hein, “The use of scrap substitutes like cold/
hot DRI and hot metal in electric steelmaking”, Arch. Met. Mat.,
vol. 53, pp. 353-357, 2008.

[4] “2019 World Direct Reduction Statistics”, Midrex Technol. In-
corporation, 2020.

[5] S. H. Anderson, “Educated use of DRI/HBI improves EAF en-
ergy efficiency and yield and downstream operating results”,
7 Europ. Electr. Steelmak. Conference, pp. 26-39, 2002.

[6] D. Trotter, D. Varcoe, R. Reeves and S. H. Anderson, “Use of
HBI-DRI for Nitrogen control in steel products”, 60th Electr.
Furn. Conference, pp. 687-702, 2002.

[7] C. M. Ravenscroft, “Increasing HBI capacity for the merchant
market”, Midrex Technol. Incorporation, 2016.

OS5 s oYsh e oS8 MIVAA o b - 9iS oVg gals ook clalla” [A]
YA il S5 3Y 5 ol (siiges

[9] D. Durnovich, “The basics of DRI plant safety”, Midrex Technol.
Incorporation, 2019.

[10] “Carriage of DRI by sea - changes to the IMO code of safe
practice for solid bulk cargo”, The Swedish club, 2010.

[11] S. S. Abdelmomen, “Reoxidation of direct reduced iron in am-
bient air”, Ironmak. Steelmak., vol. 41, pp. 107-111, 2014.

V58 bbb ol pgad 3 Cao Olis b oy 0lesSL Gbgy 1Y)

oy Al sladil> (0 s Coje 9 Sole slalilb a4 4z b jeaS o

5 Sato il Slalllae 285 -l glisd b slagiesh 355 35
AYAY (ane

[13] P. Paknahad, M. Askari and S. A. Shahahmadi, “Cold-Bri-
quetted Iron and Carbon (CBIC): investigation of the influence
of environmental condition on its chemical and physical prop-
erties”, |. Sustainable Metall., vol. 5, pp. 497-509, 2019.

[14] A.V. Rojo, A. Picon and E. Barco, “New method for estimat-
ing economic penalties on Hot Briquetted Iron due to material
degradation during storing”, Ironmak. Steelmak., vol. 46, no. 10,
pp. 928-936, 2019.

[15] P. K. Sharma, N. S. Rajput and S. Jain, “Reoxidation of sponge
iron is an exothermic process due to removal of Hydrogen”,
Int. ]. Adv. Res. Sci. Eng., vol. 1, no. 1, 2012.

[16] A. Bandopadhyay, A. Ganguly and K. K. Prasad, “Evaluation
of oxidation behavior of Direct reduced Iron”, Trans. Indian
Inst. Met., vol. 39, no. 6, pp. 551-555, 1986.

[17] N. Towhidi, “Reoxidation rate of sponge iron pellets, bri-
quettes and iron powder compressed to various compressions
in air”, Int. |. Eng., vol. 1, pp. 111-116, 1988.

[18] A. Bandopadhyay, A. Ganguly, K. K. Prasad, S. B. Sarkar and
H. S. Ray, “Determination of kinetic parameters for the reoxi-
dation of direct reduced iron under rising temperature condi-
tions”, Thermochim. Acta, vol. 228, pp. 271-281, 1993.

[19] C. M. Ravenscroft, R. Hunter and F. Griscom, “A guide for
maintaining the value of DRI”, Midrex Technol. Incorporation,
2016.

Yo&-v94 b&oﬁ,:lﬁiuﬂg dl’d"

[20] J. McKay, R. Archer, V. Sahajwalla, D. Young and T. Honey-
ands, “Reoxidation of hot briquetted iron in salt water”. Met.
Mat. Trans. B, vol. 31, pp. 1133-1135, 2000.

[21] P. Kaushik and R.J. Fruehan, “Behavior of direct reduced iron
and hot briquetted iron in the upper blast furnace shaft: Part
I. fundamentals of kinetics and mechanism of oxidation”, Met.
Mat. Trans. B, vol. 37, pp. 715-725, 2006.

[22]]. Gray, N. S. Haudhury and V. Sahajwalla, “Characterisation
and corrosion of laboratory scale briquettes of reduced iron”,
Iron Steel Inst. Jpn. Int., vol. 42, pp. 826-833, 2002.

[23]]. Gray, V. Sahajwalla and R. Paramguru, “Kinetics and mech-
anism of corrosion of laboratory hot briquetted iron”, Met.
Mat. Trans. B, vol. 36, pp. 613-621, 2005.

[24] A. Bandopadhyay, A. Ganguly, K. N. Gupta and H. S. Ray,
“Investigations on the anomalous oxidation behavior of high-
carbon gas-based DRI”, Thermochim. Acta, vol. 276, pp. 199-207,
1996.

[25] A. Bandopadhyay, A. Ganguly and K. K. Prasad, “Low- and
high-temperature reoxidation of direct reduced iron: a relative
assessment”, Reac. Sol., vol. 8, pp. 77-89, 1990.

[26] A. Bandopadhyay, A. Ganguly, K. K. Prasad, S. B. Sarkar and
H. S. Ray, “Thermogravimetric studies on the reoxidation of
DRI at high temperatures”, Iron Steel Inst. Jpn. Int., vol. 29, no.
9, pp. 753-760, 1989.

[27] H. S. Ray, “Some factors that lead to uncertainties in kinet-
ics studies in metallurgy”, J. Therm. Anal., vol. 36, pp. 743-764,
1990.

[28] K. Kamiya and M. Tanaka, “Reoxidation of Cold and Hot
Pressed Briquets Made of Reduced Ore Powder”, Trans. Iron
Steel Inst. Jpn., vol. 21, pp. 383-390, 1981.

[29] P. Kaushik and R. J. Fruehan, “Behavior of direct reduced iron
and hot briquetted iron in the upper blast furnace shaft: Part
1. a model of oxidation”, Met. Mat. Trans. B, vol. 37, pp. 727-
732, 2006.

[30] N. Birks and A. G. Alabi, “Mechanisms in corrosion induced
auto ignition of direct reduced iron”, 70th Int. Steelmak. Confer-
ence, 1987.

[31] D. C. Montgomery, Design and analysis of experiments, 5™ edi-
tion, New York: John Wiley and Sons Publication, 2001.

[32] R. L. Mason, R. F. Gunst and J. L. Hess, Statistical design and
analysis of experiments, 2* edition, Missouri: John Wiley and
Sons Publication, 2003.

[33] O. Levenspiel, chemical reaction engineering, 3 edition, New
York: John Wiley and Sons Publication, 1999.

[34] J. E. House, principles of chemical kinetics, 2™ edition, Amster-
dam: Elsevier, 2007.

[35] A. Chatterjee and R. Singh, Metallics for Steelmaking: Production
and Use, New Delhi: Allied Publishers Limited, 2001.

[36] A. Chatterjee, Sponge iron production by direct reduction of iron
oxide, New Delhi: PHI Learning Private Limited, 2010.

[37] A. Sarangi and B. Sarangi, Sponge iron production in rotary kiln,
New Delhi: PHI Learning Private Limited, 2011.

http:metalleng.ir/



	شناسنامه پاییز 99
	1
	2
	3
	4
	5
	6
	7
	شناسنامه لاتین پاییز 99



