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A Mechanistic Study on the Caking Process of Sodium Bicarborate
during Storage and Transport

Minoru KUNIYOSHI

Sodium bicarbonate powder readily forms cake during storage and transport under the influence of humidity,

temperature and/or compaction, resulting in serious degradation of commercial value. To overcome the

problem, the mechanism of caking process must be clarified first, and subsequently the effective measures to

prevent caking should be taken. Thus, the caking strength of sodium bicarbonate powder was measured and

evaluated in relation to the amounts of various chemical components as well as physical properties of the powder.

The caking of sodium bicarbonate under high humidity (RH800 ) was found to result from the bridging among

particles that occurs during the transformation of sodium bicarbonate into sodium sesquicarbonate. In contrast,
the caking under low humidity (RH400 ) and high temperatures (400 5000 ) was attributed to the bridging that

occurs accompanying the change of sodium bicarbonate to Wegscheider’ s salt.
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Caking conditions : 300, RH80 0, 15 h

OD2000000000000D0000DO
oobooooooooooooobboooboon
cooboooooooobooobbooobooooo
cooboooooooobooobooooooon
coobooomoooobooooboooobooooo
cooboooooooooboocoobooooooono
O"moooo"Oo000oooooof"ooon
0000000 OooFT e 00oo0oooogimey
0000000oO0o0oooOooo*oooooooo
coOoooOOoXxrRDOOOOOOOOOOODOOOO
cooboocooooOoooOobooooboooooon
ppmU 00 O0O0O0O0O0O0O0COODOCOOOOOOO
coooocooooooboocooobooooooooo
coooocooooooboocooboooooooo
cobooOooooooooocOoOooOoOoOooooooon
cooboooooooobooooboobooooooo
coooooooboooobooobooboOoooa

0D1000000000000
00000000000000000000000
O000OADPO3510000000 04000000
0006000000000 00O00O200cm/min
000000000000000000000000
000000000O00MKCO21000000000
00000000000000000 000000
000000000000000000000 490
0000O0000252u g0 000000010 03000
pgDO0O0D000D000D0D015000p g0 0000000
000000000000000000000000
0D000000O000FgOO0O0000O

200 o
- -4 6000 &
5 W(t)0 BL(t) .-~ ]
£ 5160 [ -
55 - g
2c R.(t) ] S
£ I 2 e 4000 £ O
8 E R / g2
5o | 53
= 801 -
£5 12000 -
$% % &7 RA(Y) T
> ___y._-r",':'\\ s
— -
. BL £
S - -
0 20 40 60 8 100 120

Time € minO
Fig.0 O An ordermap of Karl-Fischer moisture titrator
using vaporizing method

Fig.000DO0O00,(0000001000000
0,(00000000000000,@m00000
000000000000000000000000
000000000000000000

00000000000 000000000000
000000000000000000000000
0000000000000000000

3000oo0ooooooo

ggoboobooobooboboobboobo
gogbogobooboooboobbooboon
gogbooobooboobobooboooboon
gogboooboobooobooboobboon
gzo030gpoooorA7oOOI OO OonOnO
gogbooobooboooboobbooboon
oboobobobOobobooobogob4onos000ng
gob0orRH4UODOOODOOODOOODOO
gboobobobobobooooooooooooo
oboboboboooooobooboboboo

oiooooooooon
tiooobooooooooobooooo
oogoesononoilo025050075min00OOOOO
goboooooooooooooboOooboooon
OO000Frg.OOOODOOOOOOODOOOOOOO
goboooooooooooooboboooboooon
goooogo

T T T T T T T T T

127 7
1k o
0.8 | o R

0.6 | R

O 00

04 o 1

0.2r §

Sodium carbonate anhydride

opy v oy 0T

Time © minO
Heating conditions : 9500, dry air

Fig.O O Concentration of sodium carbonate anhydride
vs heating time

0 330



34 TOSOH Research [0 Technology Review Vol.480] 20040

0200000000000
00000000000003000RASOO19h0
coooocooooooboocooboooooooo
O0O00000O0CFrg.ODOOOO0ODOOOOOOO
cooboocooooooboocooooooooooo
cooboocoooooooOoocOooboOooooooo
cooboooooooobooooboooooooo
cooboocooooooboocooboOooobooooo
coooooooocoobooooobood

N
o
o

pu

T T T T 014

Density of caked clots
L B m__m 12

=
[l
o
T
N

al
o
T

(Strength of caked clots)
=
8
T
Density of caked clots,
pox 10"%/kgd m™®

Strength of caked clots

800 Powdered time, tgd]sl]

1 1 1 1 0

0 0.5 1 15 2 25

Sodium sesquicarbonate, q.{J 00O
Caking conditions : 3000, RH 800, 19 h.

Fig.O O Concentration of sodium sesquicardonate
vs strength of caked clots

200000000000
gliooobooooooocoooboooobobooooon

oogossooimind 0000000000000
cooboooooooobooboooooooooooo
oobOOOo4000RH40O0O0O0OS5000RAH4OCOOONO
cobooOooooooooOoocoOoobOooooOooooon
cooboocooooooboocooboooobooooo
oo

g200000000000
FigOOOOOOODOOOOOOOoooOoooOo
googob4005000RAH40000DO0ODODOOO
gboboboooooooooboobobobobo
o500 obboobobbooobbooooDo
gobodboboobuooboboobooboboooboo
gobodboboobuoobobooboobbooo
gobodboboobuooboboobooboboon
gobodbboobuoobobooboobbooo
gobodboboobuoobbooboobboon
gobodobobooboobboboboobboooo
obobomobooooboboboboooooog

Na, CO, O 3NaHO O, — 3NaHCO, 0 Na,CO,

2NaHCO,, - Na,CO, 0 CO, +H,0

BOF T T T T T T T T T Ty
O Density of caked clots 5
T - 11 -
=) g 500 g
< 11 57
o o 400 = I
ESL 108 £%
~ S a300F s 2
kel X
o5 10.6 =5
€5 200 * ] o
2o Strength of caked clots 04 =%
8 S 100 - lo2 §¢
=k a
8 o+ v v v v v w1y d0

0 5 10

Wegscheider's salt q,[0 00

Caking conditions
o 0 400, RH400, 1, 2, and 4 days, respectively.
e = 5000, RH 400, 1, 2, and 4 days, respectively.

Fig.O O Concentration of Wegscheider's salt
vs strength of caked clots

g3ogooooobboooooooooobboo
goooogoo
gboooooooogobooboboboboboo
gboboboboboooooooooboooboobg
gboboobomoooboboboboboooo
goboobboobooboboobobooboo
gogboooboobooooboobobooboon
ggboogoboobuoobobooboooboon
gogbooobooboboobbooboooob
XRDOOOOooOooooooboooooboboboo
0000000o0o00oDodFrg.DOODOO
gboooooooboobooooobob2obosonod
RH400 90000000000 DOOODOO0OOOOO
400500 0 RHIODOODOOOODOOOODOOOONO
gogboooboobooobooboboooboon
obooobobobobooobuoobogzobs3oboO
RHeOD 80U DD OO ODOOODOODObDOODO
obobobooooooooog
gboboooooooobooooboboboobooo
oboboboboboooobooboobooboobo
oboboboooooooooo

400 0O 0O

coobooooboocooboooboooooooa
omooooooooooooocooobooooonn

0 340



000000000000480 020040 35

100 T T T T T T ]
Sodium sesquicarbonate 4 <
N NN
/
L 80F E N EE -
O /’
ezl H B B B O
@ 7
2 60f | S0 1
R=] .
€ A )
2 n !/ <& Wegscheider's salt
g
] 40 + !/’ <> <> // T
® s i
@ - I
20 Q _______ . i
___________ (Na,COs)
"""" Sodium carbonate anhydide
o O
(s N ! ! N ! N 1 N In
0 20 40 60 80 100

Temperature 6 (100

Fig.O O Stable regions for three different phases on
the surface of sodium bicarbonate

gobodoboboobuoobboobooboooboo
goboobboobboobooobbooboon
gobodobbooboobbooboobboon
obobooboooboboboboooooboog
goboobbooboobbooboobboon
goboobbooboo
goboboooboobboobbooboobobo
goboobbooboobbooboobboon
oooboboooooooooboobobobooo
gbobobooooooooobooboboobobo
gbobobooooooooboobooboboonbo
obobobooooooooooobooboooboobo
gbobobooooooooooobooboobonbo
gboboboooooooooboobobobobo

gooog
gooooooogo
Minoru KUNIYOSHI
gooooesn 40 10
goooooooooDo
goooooo
oooo

coboooooooOobobooboooooooogn
coooocooboocoooooooooooooon
coooocooboocoooboooooooooooon
cooooooooooboooobooooooooo
cooooo0ooocbOooobooobooocbooooao
coooocoobooooboooooooooooooon
cooboooooooooboocooooooooboOooon
coooboocoooooobooobooooooooo
ooooo

ooooooooooooooobooooogo
oooooooooo

ooon

J00o0dododonononoDiesd 19750

dooooooogoooo

O O E. Shefterd A. Lod S. RamalingamO Drug
Development Communications, 1(1), 29-38(1974-
1975)

00000000 DO 21380 19860

0000000000000 0D00O0D0O80esn 19860

goboobd0o boobboobbooboooo
O00000000D0 140019690

dddddooooooooooooooecCc OO
0 0 0390 198801

000000 D0oo680 1966

O0000000o0oO0oooOoOooouooeCc OO
0 008019880

0 0000000o0oooon420 19900

110 00000082110 1983

0 30


nan0208


