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Evaluation of Drying Process of a Slurry Droplet Containing Water-soluble Polymer
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Abstract The granulation process of a slurry droplet containing a water-soluble polymer in a spray dryer
is investigated. Although there have been many studies on the drying behavior of a single-component slurry
droplet, there have been few reports for a multicomponent slurry droplet. This is due to the complexity and
difficulty in evaluating the drying behavior of a multicomponent slurry droplet. Therefore, for the production
of granules from multicomponent materials by a spray dryer, its operating conditions are usually determined
by trial and error. To optimize the practical granule production process, the drying behavior of multicompo-
nent slurry droplets should be studied. In this study, the drying behavior of a silica slurry droplet containing
polyvinyl alcohol (PVA) is investigated. The drying behavior of a droplet suspended on the tip of a needle
was observed. The effect of the volume fraction of PVA on the drying behavior and the morphology of a dried
granule is studied. The effect of drying condition on the granule formation process is also investigated. As a
result, the structure of dried granules was strongly influenced by PVA concentration. Segregation of PVA in
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the dried granules was observed. Based on the results, the drying process diagram is presented.
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Fig. 1 Schematic illustration of experimental apparatus.
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Fig. 2 Schematic of air flow and heat transfer around a
droplet on the tip of a needle.
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Table 1 Experimental conditions.

Condition 1 Condition 2 Condition 3
Air temperature [°C] 80 80 80
Relative humidity [%] 40 0 0
Flow velocity [m/s] 0.53 0.04 0.53
Particle Reynolds number at initial stage™® 48.9 (Allen law regime) 3.7 (Stokes law regime) 48.9 (Allen law regime)
Constant drying rate™ [kg/(m’s)] 7.3%107* 9.4x10°* 1.8x10°°

*Calculated by assuming droplet diameter of 2 mm

Vol. 40 No. 2 (2025)

(39)

101



y)f:o

1
3 2
Am::h;h::035+0J55Re3=035+0J55[Rﬁf2] @
5o

Os=hA(T,-T}) )]

W DR B FE 4, 1E, BREE L C, 4=nd; TdH
%o WA OEEGRE h 1EEB) XY ko7, Th
50X EMAEG D TEMREE L R E D 0y
Qs KDz,

3. MR EEFE

REEZRETE EBREERICRIFT PVARES
KUEZBREFEORE

PVA IR0 — R 118, WZJRERMRIC & 0 WE R AR
WIRIZE Y, SR OEERLME T, K (Sphere),
CIFAIZIR (Caving), 7> SIK (Umbrella), L IZAIZIK
(Wrinkled) O 4 3D FIR O BRAK DTS 5 N7z, HEBR
S 2L OBEKARIR % Fig. 3(a)-(c) I2% T Lo /-
7, H1 @ Precipitation (& ¥z H1 12— Kok 123Uk L
TLE o722 OEBRDPATZ 2o 720 FA 72 4 FiE
DERARIZOWT, TlEEfE % LB L 72o Fig. 4 1218
W 7 4 O HRARTBIRDOE SN 2B 5
VR OWCEENE 2 S BHEE 2 9 ) WL 72, A
SECREMIE, WEREERI D25 %, 50%, 75%, WCMERRT
BaRkl, GUoKIE, %O BRAENMBIZIRZ R
LTwa, 7, OEBAEO/NIVELET, —K
T EA303 um T PVA A0 % O34 1%, Fig. 4(a)
R LIS, WESER L L b2, 1 RITEREERo
7ORRECUUNG L, ERBER A S Nz, RIS, —K
R X 59, PVAIRE20.1-02% & B AV
BEOWE, BIU, PVAZE T WA TR
FEOREVWEMETIE, Fig. 4b)IIRT L2, —ibk
THMaE L7z, I ZABIROERAEIESNZ, 2D
AT ATEAR AL AR 13 B2 M C iR R T A5 B v L C,
AT E B L 720 O QR S 7z, PVARE
03-17% LEE FH 35 &, Fig 4(0) 2R3 £ 912,
H SRS T TR OIS EEZL L, 20 F 1Ml
BB 2 L) 2BEERL, »SROBERMAEIHL N
720 PVA IEFED2.0-30% & Wi 4= T, Fig. 4(d)
RS XD, SRS BT s & g
ENT XD RKELS, LIZARKROER AN L
TV EET R ZENZTNERR S N7z,

Fig. 5 21%, <IZAEIK, 23K, LIZAEIROHE
MWARDILRGEZ ZNZTIURT o MOL FIITEET
B OIMBEBGE ORET- T, LTI ERAR 2 — B
L7oKEF % 3 IMER SEM BE T, Mo S5 TR

3.1

102

(40)

(a)0.3 PVA concentration [vol.%)
a)0.3 um

o Jo1fo2]o03]10]15]16[17]20]21]30
Condition Sphere i
1
Condition Caving
2 Umbrella Wrinkled
Condition
3
PVA concentration [vol.%]
(b) 1 pm
0 Joi]o2]o3]10]15 1617202130
Condlmon (Precipitation)

Condition Caving

2 Umbrella Wrinkled
Condition

3

PVA concentration [vol.%]
0 Jo1]o2]o3]10]1s 16 [17]20

(c)2pm 2130

Condition
1

Condition
2 (Precipitation) Umbrella

Condition Wrinkled
3

Fig. 3 Summary of morphology of particle dried under
various drying conditions.
(a) 0.3 pm, (b) 1 pm, (¢) 2 pm

(a) Sphere (Silica 0.3 um, PVA 0 %, Condition 1)

b) Caving (Silica 0.3 um, PVA 0.1 %, Condition 2
( g pm

¢) Umbrella (Silica 1 um, PVA 0.1 %, Condition 3
(© pm

(d) Wrinkled (Silica 2 um, PVA 3.0 %, Condition 3)

Fig. 4 Typical drying behavior of a silica slurry/PVA
droplet suspended on the tip of a needle.
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Broken granule

(a) Caving granule
(Silica 1 um, PVA 0.1 %, Condition 2)

T
Broken granule
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(Silica 1 um, PVA 0.1 %, Condition 3)
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(Silica 2 um, PVA 1.7 %, Condition 1)
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(f) Umbrella and wrinkled granule
(Silica 0.3 ym, PVA 1.6 %, Condition 2)

Fig. 5 Optical and SEM images of dried granules under various conditions.
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Fig. 6 Time variation of the temperature and aspect ratio
of the droplet during drying.
(Silica 0.3 pm, PVA 0 %, Condition 3)
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Fig. 7 Schematic of surface of particle at deformation
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Fig. 8 Time variation of the temperature and aspect ratio
of the droplet during drying.
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Fig. 9 Drying behavior of a PVA/water solution droplet
suspended on the tip of a needle.
(PVA 3 %, Condition 3)
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Fig. 10 Effect of volume fraction on the viscosities of
silica slurry and PVA solution.
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Fig. 11 Diagram of the droplet drying process.
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Fig. 12 Effect of droplet diameter on the ratio of heat

transfer rate through the needle Q, and heat
transfer rate between air and droplet O, at various
air flow rates.
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