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Studies on Dehydration, Reduction, and Hot Strength of

Cement Bonded Cold Pellet

Hideo UENO, Mitsuru TATE, and Akimitsu OKURA

Synopsis:

The debydration and reduction behaviour
cold and hot strength were investigated.

The results are as follows.

of cement bonded cold pellets and their effects on the

(1) The dehydration of cement bonded cold pellets begins to proceed at about 320°C and the
compressive strength at room temperature decreases remarkably after the dehydration at above 600°C,
and it increases after the complete dehydration at 900°C, probably owing to the sintering of materials

in the pellets.

(2) The reduction of cement bonded cold pellets is generally faster than fired pellets at above 900
°C because of larger chemical reaction rate constant, which, naturally, depends on the reducibility of
raw materials and may be affected by some structural factors peculiar to cold bonding.

(3) At high temperature, cement bonded cold pellets tend to deform more easily than fired pellets
and the highter reduction degree and temperature is, the more remarkable the deformation is. It is
necessary to define hot strength taking the deformation into account.

(4) The hot strength of cement bonded cold pellets partially reduced at 700°C~800°C is lower
than that of fired pellets, but the difference in the hot strength becomes very little after the complete

reduction at 900°C~-1000°C.
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Table 1. Pelletizing conditions of the model pellets and chemical analysis of raw materials.
Pelletizing conditions of the model pellets

Ore Binder Ore Added [Pelletizing | Drum Pellet
water |time speed diameter
Species | B.L Species | B.I | binder | (%) | (min) | (r.p.m)| (mm)
i I .
Model pellet 1 | GW-F 3080 | N. P. Gement 3045 1 16 about 20 47 11.0+1.0
Model pellet 2 | GW-F 3050 | N. P. Cement| 3045 9 8 about 10 47 11.0+1.0

B.I.=Blaine index
N.P.Cement =Normal portland cement

Chemical analysis of raw materials (%)

T.Fe | FeO | SiO, | CaO |ALO, [MgO }Tio2 Fe,0, |SO, | Na,0 }Kzo Cu ] P |s \Ig.L Others
GW-F | 61.770.07 | 7.88 | 0.13 | 1.72 0.41, 0.15| — | —| — ’ __20.0040.004 0.01‘ — | 0.006
N.P.
ok | — | = [et1]es9]5.0 ll.5 \ _ ‘ 2.6 \2.810.1% 0.13\ _ \ ——‘ —-{ 1.2] o.1

Table 2. Chemical compositions of pellets.

(Wt%)
Sample T.Fe | FeO | SiO, | CaO |AL,O; | MgO

Cold pellet | 52.76] — |5.81]8.10 | 1.73 | 0.24
Basic fired | 69 g3l . | 3.73|4.57 | 1.87 | 0.65
pellet

Acidic fired | 65 00/ .40 | 3.88 | 0.63 | 1.92 | 0.19
pellet
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1. Load cell, 2. Cooling water inlet, 3. Cooling
water outlet, 4. O-ring seals, 5. Water cooled
stainless steel ram extensions, 6. Gas inlet, 7. Heat-
ing elements, 8. Graphite rams, 9. Pellets,
10. Observation window, 11. Revolver, 12. A.C.
thermocouple, 13. Graphite cross heads, 14. Gas
outlet, 15. Shaftcoupling, 16. Bearings, 17. Screw
jack, 18. Gear box, 19. Motor, 20. Stainless steel
reaction tube

Fig. 1. Schematic illustration of the apparatus
testing hot strength.
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Fig. 3. Nonisothermal dehydration curve of the
model cold peliet 2. (8°C/min.)
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Fig. 4. Change of X-ray diffraction patterns of
the model cold pellet 2 by dehydration.
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Fig. 5. Relation between dehydration tempera-
ture and compressive strength at room
temperature of the model cold pel-
let 2. (Hatched area shows the range of
fluctuation.)
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Table 3. Change of hydrates peaks by dehydration at each temperature.

Peak No. Lattice constant Identification 700°C 800°C 3800°C
1 4.90A Ca(OH) Decrease Disappear —
2 3.02A CaCOg Decrease Disappear
3 2.61A Ca(OH) Decrease Disappear —
4 2.15A Unknown Decrease Disappear —
5 1.77A Ca(OH) Decrease Disappear —
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Fig. 6. DTA diagram of the model cold pellet 1.
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Fig. 7. Relation between dehydration temperature
and specific surface of the model cold
pellet 2.
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Fig. 8. Relation between open porosity and dehydra-
tion temperature of the model cold pellet 2.
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Table 4. Reduction kinetic parameters from mixed
control plots.
Dgsr=CEffective diffusivity
Kc=Chemical reaction rate constant

Reduction Ke Dy
g DN FarmTnara tysvra e
Sa.ml.nc u,xuyo\,x awure ( cm/ min) ( sz/ min)
(°G)
850 60.7 36.3
Cold pellet 900 101.9 29.2
1000 172.7 47.9
wicwed | S| 99 | B3
pellet 1000 126.1 67.7
Acidic fired o0 66.0 284
pellet 1 000 83.9 25.1
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Fig. 12. Pore distributions of cold pellet after

reduction.
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Fig. 13. Compressive strength vs deformation curves
of cold pellets after dehydration and reduc-
tion.
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WA BERHMETHD, 2Ly MR EALERETRA
WETCENS. Ebhoit 900°CERTEM (<25%)
R WTHEBRSEHMETHH, FEORAMEIERDL
NB, RUy VI Ty Z7HADL EERMBRL =y 7
2hZ bR, Fi EHEMERO 3 LD K& e BTN
3, SV bDZTF .y 2HROARBTECHETSE. B
oL 900°C SETRAl (>25%), 1000°C &is\»
TH b5 BHHE Tho, WEIX—FCEALTY
<o Rvy MREBHRHE LERTRER Loon FIEgR
it Z0X3 kBEREESOHE, —HRCHEIR/NS
 ERHRE O AEIT/INE .

3-3.2 BEREOER

DEeNicz EnbER LBEECRER AT NE

— 17 —




324 g L

% 66 4 (1980) %3 =

Load
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Deformation Detformation Deformation

1 2 3 1 2 3 1 2 3
OO0 OO  O-M™-cn
Fig. 14. Correspondence of load vs deformation

curves to destruction and deformation
behavior of cold pellets.

L BECREREIE VOB BRETHDH Lbb
note. Thpz, BHEREYE 2 556X, BHE
ERBRCRASh CELERMEXZRAT S L1XTE
T, BHEHOKRNEER T 238 LuWEBbh
5. L AHATEFRNTOEAYDOETEREOET,

LD CBRIEADOHEARE L 16T b,y FOE
—RFOBEHRYEE LTOLRRRE T E T X h
i, ZOEBEOETCRLRNEFEREELZL ST, €
DREHYT HEH LT HHEXBMEE ST 5
T EREZLNS. KERICRTDAMEBEEFART
DATEHED EOHRELDOTWAENLI DX 5 el
BN ThHY, TOIRDOERNVULETHSZ Litw
5% Chivgd, ZZCRMEREMEL, RBREFo
BEREAARC BT 2REP SR LTy + 7 MDE
BENIEERERO 1.4 510785 L 5 I BREFE T % Er-
GUN RN HEFE L, ZOBZEREDET (e =0.44—
0.39) BE—WNFOEEE FHlo~v ., MUE—ZE]
BoSvy, VER/OHO Sv, PRE) TS E
LTHEEARR (9%) 2BH L. ThhbbERE9
BT A E Y FE R B R S LCERATA S
e L.

3-3.3 ZAERE ORE TLRKEM:

Fig. 15 & 700°C~900°C k352 — A F21,
b CREwsRE 120kg/< vy b)) LBERS U 5 b
CRGWaE 200kg/~< v, +) OBAEIHEE OB TTE
MR RT. &7 900°C 1o\ CILRESRAE Y i I
EINTWLBEABOEBRBREY bR L. Rfo—K
BRI E NV » P OFBEIEE D 1/2, Jicbh bl
KT 50% OFEZRT. EER IOERTThEhR
BEIRE, WABROEBRBE /R T, FEILBCKT
LHEEEI ST OEELD B DT, —20HESE
DK 20 AR Lv .y, PEREBRL, ToLRRETRYIR
L7,

BERR SV oy P OBEBEEIZEE R OhTET L,

D vt 900°C CR/PTH BN, a—A V2,

Cold pellet Fired pellet

120 T T T

g B .— -
-~ LA
- O I
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] ;
(=X L L I L
S~
o T
x L
S
£
=]
(o2}
C 60fo—-—"-—"""""° 7
g

401 4 r B

W
O 20F 1r
>
T P
u
[
—
Q L
£
o L 4
O

120 T T T T T T

L 1 1 ] 1 i
0 20 40 60 80 O 207 40 60 80 100
Reduction degréage (%)
Note : o—o at each témperatuer
o----0 at room temperatuer after cooling
—_— Half value of initial strength

Fig. 15. Dependence of compressive strength of
cold and fired pellets on reduction degree.

F DAL 800°C THR/NETRD. ChIXEE LA X
BAETLIRILOIE T Dfflic, 800°C LI F Tt g7 A v b
KK DREKYEDELE T HAEBEL W X 2T
EMMRE R B —F, 800°C CizBiKMaisie b #,
L2vd 900°C THBLNIB X 5 Il KB ERY DR &
I ABERENR bitWwbkWws Zdirlsdbn:EL
bha. MEKTE 50% %Al B E ORERE
xS 5 & 2 OEAN X LB 5.

800°C I F TIXBER < U » b OBRERE N 2 — A K
Vy POERI DM DEGD, BEKTRILEVE
P75 <, 900°C TRIs LABERA Vv » FOFH DK E M
EET L, BEEN 90% A5 ClRMERHEICH B 58
bhd. IHLIHAMEBEOBTLREKGFRYAD L, a—
AMFRVy P TROCThOBE TR T X 5 cBnXs
ERTHREOTHREIMET T 52, B2 vy b Tl
BENEA T TUETOARIAE 85,

¥ EESROBEHEBHE LI 2 Ta -2+ F2L, b
BEEEASVy FXOER LTV EbhDk. 2D
ZEEa— A FRVy FBERIELR TV EVLIRER D
DI EERRLTHBD, flfa—1 F2r, ikl
T WEWSEFLIDENLD., COBHBEE LTk
—VFXv, FPOEERNTEEAE LTS 2 v K
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9.

AV IRV FR2-AFXVy FOBK - ETERS X CBEBRECHET 5% 325

MRV » P OFEEE I VIEREY L OTED, BT
DETLTY, TOoFERBLIZLCIBEELDN
5.
& & A TERRERE OR TTRKFE M & GH % O EEEE
DFENEHBLTHRSL ETRLV y b & BBRTEIMEE
BIIREBE OB BEEOERBRE L » A& LR
BILE 30% A croEmi SR L W5, Fha—
N FRU oy b CRBEEE & SEIE O FEME OB ITTE
R IEEML O 525, BR~SV . F OSEGHE
DERREN BILE 20~50% T —TElE% Fo0r Xt
L, BHEBEERET LS5, WTFhic LTh&
HBEERE CRBMBE > E IR cEd, B
ER TR Tk BRI T B AN DT LA D
7.

DI EDHE R DEBEOFIFENIC BT 5Ly b OELH
MY BT 5 B L BRHRE O EEOZYH:
2, BFERCBT 5ARELEONEY R T2LEND
5, XL ERSLy FEORENSKD L S
Ezbhbd., 2= FRv,y F OBWEIRSE, SEILE
Wi hIZEETT 5, 2% 5 g0 d & TILEER
Uyt OBELHABECETT %O CHE R T R
Bzt LA 800°C i OB MEIA IR 75 % REIR
whh, ZOEBMTORTLERELYVHICEHD LIS
BO—DODHREND 5.

4. £

a—AFRVy FOBRK - BLEHR I LT DO
Bi7e O HARRE TR JIETHELYRELUTO/R
ZE.

(1) DTA X5 Bk 320°C I BIRE S
2, BEEERE OBEZ KT 2045 BiKix 600°C )
ETkz 5. 7 900°C cipBEiGic L 2 SEERRE
OBRIENRED b D.

(2) =2—AF=r, b ORTLCEEX 900°C L) T
BEEEAN vy b XD EL, ToRRMEERGEETEH
iN Nt AN (O

(3) BMTRBERSVy PCHERT—REH LR
FTLEhE V. BHREBELHVET T o TELL
5. LI O TBMBEREVRLZER L CEHETS
DERDS.

il

(4) 700°C~800°C CHHWBILEINiza — L F
XUy P OBEREEIIBER VY OFR I D LA
%3, 900°C~1000°C TRRITHELERETLIhId DD
FEREIIBER N v » FOFREIBERLCTHS.

WBICIKEE A v v 2 — 212 L B GHBRDHREL T
T 72 78 Fe I BUSR R B 9RRT D 4 R EFERFoE
R, MBRE e L LT ET.
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