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Recent Advances of Spray Drying Technique for Microencapsulation
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Abstract : In the present article, the recent advances of spray drying technique for
microencapsulation are reviewed.

At first, the preparation methods of microcapsule by spray agglomeration are introduced
and the applications of the resultanf microcapsule are described. As a practical application
of the microcapsule, 1) controlled release of encapsulated substance, 2) protection and stab-
ilization of encapsulated substance, 3) transformation of liquid substance into solid powder
and miscellaneous are considered. Finally, as a recent topic on spray drying, 1) thermal
denaturalization of wall material, 2) polymorphism of encapsulated substance, and 3) drying

process with reaction are explained by referring mainly to the present authors’ studies.
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Table 2 Classification of spray granulation method
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Table3 Practical examples of spray drying
method (no addition of polymer)

Core material Solvent 2?12?3-5
Ascorbic acid Water ( 5)
Calcium carbonate Water ( 6)
Cyclohexylsulfamic Water (N

acid # Glycin
Digitoxin Chloroform-methanol ( 8
Glucose Water (9N
Kanamycin sulfate (10)
(Treated with active)

carbon
Lactose Water (11)
Lignin (12)
(Treated with NaOH)

H.SO,
Magnesium Water (13)

trisilicate
Quinazoline Chloroform+ Denatured

alcohol (14)

Streptomycin Water (15)
Streptomycin Water ) (16)
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BT ENIBEL N, 05, BIEMILCEAMOMEICHWONTEN, RV v -2RNT A&, #Y v -0DF
NS U C, BMBRBERR YA 7 b T2z, BRIRY MY v 7 25, IRBOWRBERPEEY
BBIEBRIC OV TI, ZOFFM2 T TICBEE 2D TN LI, LTk, HMEHK >0 TDAH, Table-3, 4icg
EWTRT L EIRT S, Table-3 iTid, HMEBEREHRICE Y - -2RNLZVERRSWT, SHEEBEREOE
BHlick & iz, Table-4 TR K ) = - 2RMTIEEHICONT, XY v -0, BELSIOEYWELET .
WZREEETIE, BELICY » 7 ARWEICEYE 2 HHIE, CRE2RESRPICBEEL TTbN 5, BEZHROD
BEWE, » T e VEBIIBROEFRITE - TEHAML LT, BLRXFEBEINI D T2 BN 5 LiZES
S0, BBEEETHEL N AHEE, SPEPELICY v 7 AHITEI IR P, KECELLTHAMEH ),
T Y oI RBIN T v Eis B, MBEREEOEGEN 2, HYWH, BERMEIC Table-51TF & i,
MECENFHELE LT, SWEZEB LR Y v~ - ORE2FEHEATEE LT, ¥ v -2RHI 35805
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Table4 Practical examples of spray drying method (addition of polymer)

Core material Coating Polymer Solvent References
Aspirin, Phenacetin, Acctanilid PVP Water (17)
Aspirin, Griscofulvin, MC, PVP, MCXKolloidon 30 Water (18, 19)
Phenacetin
Barbital PVP, MC, PEG, Aminoplast Water (20)
Calcium sulfate dihydrate Gum arabic+Guar gum Water (2D
Glycoside, Steroid, Aspirin, MC, PVP, Chloroform-methanol or Water (22)
Tetracyclin
Isobutyl allyl-barbituric acid EC, MC Water-Ethanol-Methanol (23)
Menthol Gelatin, Gum arabic, Dextrin | Water (24)
Phenobarbital PVA, Hexamethylol- Water (25)

Melamine+ Aminoplast
Procainamide HCI Acryl polymer Water-Chloroform (26)
Sulfamethylthiadiazole Castor wax Chloroform (27)
Sulfamethoxazole CAP, (Talc) Ammoniun solution (28, 29)
Sulf amethoxazole Gelatin-Gum arabic, Water (30)
coacervates

Sulfaethidole Glycowax, Castorwax Ammonium solution (31)
Sulfisomidine, Magnesium Gum arabic, Gelatin, Water, Ammonium solution (32~34)
carbonate, Salicylic acid, CMC, MC, PVA, PVP,
Synthetic aluminium silicate
dl @ Tocopheryl acetate Gelatin Water (35)

Table5. Practical examples of spray congealing  Table6. Formulations for spray drying and micro-
method meritic properties of spray-dried microca-
. . psules
Core material Coating Polymer | Refe- .
rences Formulation for spray drying
Amobarbital 12-Hydroxyl stearyl (36) #No 1 2 3 4 5 6
Phenobarbital alcohol y - - :
Dextromethophan Glyceryl tristearate (37) Asf\- S (g)| 1010 10 10 10 10
+12-hydroxyl-stearic Po.ymer ( g? 10| 10 10 10 10 10
acid, Glyceryl TMMTE (g) 1 2,5 5 7.5 | 10
tristearate+ behenic Cat-O (al) 0.1j 0.25| 0.5 0.75] 1
d Glutaraldehyde
aad. (50%) 1al
Sulfamethizole, Glyceryl trilaurate, (38) Water (nl) | 500 [500 {500 500 500 500
Lipase Glyceryl tristearate Kov - AsAMS Lo ool . :
Sulfaethidole White Wax (39) 8y : AsA- ascorbyimonostearate
. Polymer Polyvinyl alcohol, Carboxymethylcel-
Sulfaethidole Carnauba wax (40) : :
| lulose and polyvinylpyrrolidone
Glycowax, TMMTE Trimethylolmelamin trimethylether
Hydrogenated Cat-O  Organic amine salt
castor oil . . . .
Sulfaethidole Cetyl alcohol (a1) Micromeritic properties of microcapsules 4
Glyceryl monostearate Formulation D,(2) | o(g/em) corﬁ:nAtsI:v(i?&)
“Sulfaethidole Glyceryl tristearate (42)
Sulfamethizole Ethyl cellulose+ (43) 1 1.95 1.23 47.5
Stearic acid 2 1.68 1.26 47.6
Sulfamethizole Hydrogenated (44) 3 3.57 1.18 42.8
castor oil 4 3.24 1.28 39.1
Sulfaethidole Hydrogenated (45) 5 3.62 1.28 32.4
castor oil 6 4.59 1.34 30.5
Vitamin A palmitate |Gelatin/Hexane (46) Key : D, Geometric mean diameter
Vitamin By, Bz, Biz |Behenic acid (47) - P Particle density
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2 - VERRAKCLTYA 7 an 7w vEUBRBIELL T 5,

WL 13, KEICLD, L-7AaNVENVEIRFT L= E2vA s ahTevfbliz, AL RIS £ 2
<=, PYUAFo—vxTIy Y xFx =50 (TMMTE) T, BHlE LTV V707 e F2IRIAL
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BT VEEE, cbDRY)v—&, TMMTE £Y9 < -DRBETH 5, XETHEAL CEEZEREEKRDIR
% Table- 6 1T de COKMEF ARV 2 vk, ZHREK, AVT, 140°CILfR - KRBECHEHEL . Z OIS
btz 4 2 oh T e OELYE%, Table- 6 1Pt TRdT, TMMTE BELEWIE, w47 0ok SOk
BEIZEAT 205, L-7 23V ELVE 2 ZAF7 L= FOSERIRD U, ORI, TMMTE BEZHAIE
3 EEBEORNA 7 an T2 v EBONE L E2RL TS,
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3.1 PHEOMHEEDHS (controlled release)
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b3 — e ot BBHEBR A 7 ah T Vit kD, SHEOBRBMACLARETH 2, BEFHL I,
Bl (REE< 22y 0n, GRZABTIVI=vL) 29470k TetU T, ZDOFIBRERE % B8 S BRI

Utre WP VEREE LTI, 2F Ve —2, HVEFL AF VRV - AREHTH oo COYA T 0BT
PV REEITRET S &, B ILcWEINI, # e vOHER (Cr) 2 (1) RTEHL, B TORER
B % HEl L 12,

Cr=(1—Ac/Ao) X100 (1)

TTT Ac: w47 o P OBPRINIGICH T 5 HHRAE

Ao: v Ay ah T VOBREETCHAREL I2REHE

FRUTLE B E, HEEFL AF Ve E = () >AFLtba—R(UAD>ETFL (94.3)>7 77T 4(93)>
BV =PV a= (T1) Tholio HL, ol NOMFIXEEER (%) Thb, Speiser?® (&, HHEEMES
HTT7x /W ER—vev A7 ah T VB UBIREEIR U1z MBRABEHIERO pH 25K, HEPEWIL,
ER= A2 ah TevindONHEOEREENRDT AT L2 BO2IT UL, FELW L, RVT 7 A FYY
—VEENa—ZAT LT — b7 AV = FDT V= FRERICBRL 18, BBEZEL CBBREDY Aot Ty
REE LI, LAY nn T VR EEEL CTRIMET 2T, BHARKRE LT, BAERS (X)) TED
B (PH 1.2) &2 (PH 7.5) 2L, B 1KATRERDHEZRIE, 7 - 23 XERELY,
A HBRED Higuchi £ 7 V5250 169 T &5 126

C=100Sv(2D-Cs - t /A)"? (2)
TZT A BN vy 2hiEEn s EEOR

C :EYMHEDEHR

Cs 1 NMEDERE

D :SEOILERE

Sv : LERmHE

t o IAHIERA
Higuchi £ 7uid, REHDO Y MY v 7 A NOBEBEOILHGEEDS, IBHEEZRTS L2 REL TS, 5T
SEFl, BEORBKATR MY v 7 ABERHETACEMBbD» 5, —7, B2HATE, FEHIIZERHITHE
UIBHERE DS E L AU, COMPBICE T, REERIVBEME (Fvh VEBERICER) THHZE BRI 0
2o EHABIRD DPH R2ERM:D 6 JFUBICHEEEIIC 7 v VRIS, BHBREZITO &, ERlOBAM
BEER LV EMITHIS C LN TE S, Fig- 1LIKEF O MHAL BEHAREEOME 2R, iz, BHARDK
B Fig-21TRT, BHRBRKO pH 5. 4MHMICET 5 &, BHIRICEIMAPTOLN 2 Db 5, 12, I
MFELTans Fvy Y hRRiNT e, BHEE2RBH T3 E8bP o105,

WEREECH U4 7 a8 Tevid, —RICBIFSHBEM 2R T, CHURBERME U THERAINS Vv 2
BOBKEICE 23D ThHb, $12, A2 0B T VORNEBEN <IN Y o2 2EK BT ES ZOEREL - TV
Bo Tw P ATA Y uf FeB) D5 —DORHIE, BEMERTLLETHE, v, Y v 7 ZHRORERE
BEEE2 2 D = A 7 VSERMERIR X 0 & 7 ov VBB THERL LT, KSR INR TN EiTd 5,

3. 2 THHEOR#ELREL

<47 uh TehOEWEIZ, 77w VIR X OAREBIIN TS DT, BECKOEEDIEM 2 52 1 &
Vo BBEHSHEICIVBUNIL-7RANVENVE I RFT L= DA 2 vy T2 ® BB T % RERME
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Fig. 1 Apparatus for a new in vitro release

simulator. Key : A, alkaline solution sup-
plier; B, roller pump (1. 27 ml/min); C, modi-
fied dissolution apparatus; D, water bath
(37°) E, receiving reservoir; F, motor (94
rpm); G, pH electrode; H, heater; I, USP
basket modified by attaching four-blade pro-
peller; J, pH meter; K, stirrer; and— and
-, polyethylene tube plugged with cotton
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Fig. 2 Drug release (closed symbols) and pH
change (open symbols) patterns in a flow-
type simulator for "fovrmulations containing
varying amounts of colloidal silica. Key for
formulations containing cellulose acetate
phthalate: @, O, 0g: A, A, 30g; and M,
[, 50g. The formulation without cellulose
acetate phthalate and containing 50g of
colloidal silica is represented by <.

at initial points,
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n »n
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Fig. 3. First kinetic plots of oxidation data of
miéroencapsulated asorbylmonostearate
Formulations and oxidation rate constant
(day"), O, original, 1.70x10"!, @ § 4,
1.18x10°2, A, #5, 4.26x103, [, #6, 2.18
X107%, # Formulation No of spray drying in:

Table 6

WOWTHHT 5, EXRIITHTE 42 a0r Tevd BECRBRIZ, 4208 P vefBEOR T E ##
(Tween 80) ZIRINL T2/KICHEAE B8, 294K 50/ min OUHAHEE TE DV AATDONIL, BKEHONKE » 7
¥ VHADL-72AANVENE /277 V= b ORFEE L OMICIREHERMRII L, RIGEE R —REER CE
banis,
InC/Co=-kt (3)
T, C, Co: BEHEEt=tBIPt=0DL-7RANVENE I ZRFTT V- FOEK
k o RUGHEREEER
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Fig-3WIRNA 51, ®4 7 an e vbT3 s h EKBREOEBIEL (WP U, BBRERIHAK
O TMMTE BEZ2ELTA1E3E, 47 0h T VvORIGEBRBD Uz, C ORI Table-6icRmans
ST, =24 an T VOEHBEBHEKRT S8, HREESBS T LiTL b, WOERIZ, ~47en S
EVDREBEL 25, KO T2 VINOIHGERE BB T 5 ETh 5,

3. 3 BRMEORFKIEERVZDMOIEH

BRYED < 4 2 v Fevfid, B0 BEANE & CHEORL S ITHIEADEM2EHR L, BARGT L
L) THEREN, JIIBLE, evvHZ275E7 T4, FF2 b)Y VKBERCHAI IR, BEERLTAY
ol Tz, bR o Rbick b, RIRINR TR, 2OoTARRRZOE ERESNIZ, £RFD
BECHMC OV T RAEL YA 7 oh T eV LI T& 3, COHHWE, Thbd OFEIRY DEFE LB ER
WEisne &1, AERPEEKTRBEL TRIBHZEEZERL THREPAAS N TS (Table-7), =% 2
DFERI DI RPLEEN LN DT, BREHEE LT, ZORBVEEINE, 20M, ¥53F2, FF2 MY
KEBCER 23 O/W Blx<ovy o VREBBEZBRL THREZH <A 7 ai Tev28EL 12FIF0 E05H
%o

ZOfth, BETY, LETHEPSFXEHINE T - ) v VPRKOUBERBBLZREVIGAINT VS, BTHES
FRZDEERHEHEUVTERTAIENTE S, AN X, Ky =v7iva— (PVA) 2&eBK2BE 2
~IBHITE TEF LR, BR2RNML TEBLHBL, PVA 2%20ChETE 3 EHEL T3, Dimitriout?
&, BHOH 2 FEK 2 ARIC20~40%BEICE TEREL 2%, BBRREZEAL THIT 35 EREEL Tk,

Table 7 Powdered chinese medicine by spray drying method

U8 75 4l X ®
BWiils, ZMXG, WRREEES, FEENEG (57)

BEGBEES, REEME, /URHES, BiEE
TEHY,  DNORE B, VU, SE IR B AL

MBI InokaE (58)
= KB OH (59)
FEHERE (60)

4. BEYREDBEDIE YR
BEZREOIGHICETS M v 7 ZITRERLZVC ERZHIRLUI, CCTid, BEGREOEBALHES .
EFH D O 2 AN L THIZWD,

4. 1 BEVOBREE
BRZREORRKORRIE, HESEPH T, CRMFOGRENCEY 2HERHBENC L THS, COHRERE
ZPRIALT, BRAEERARBPEEROUIEBTHON TS, ULELEHE, SHEIRERT, Zh28A T3
BB, BDFERZITRT WV, f2T, BEEMM & VRO HET, #EERZTLTOHEOE ST, RN
WETHb, T4DL, w47 vh T ORMYMED, HHUIEREMD» L BEINIYELUEENS L EBH 5,
FZHEOD R, ANVT X NEH T - NVDETF U T ITETFT AT 2R - b RESEERCIOEL, e
B 40°C DR TERLICEBRT 20, CNBHRET A LA EEEERRL T4 nd Tev28EL
o COYA Y v i T e VERHOBESHIEE 2R/ 5 1001, FEEEHRPIC 17 vh P2 Vv e L TERSKE)
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DIFFRACTION ANGLE (26)

Fig. 5 X-ray diffraction patterns of original sul-
famethoxazole, physical mixture, coacervated
microcapsule, and spray-dried products with
cellulose acetate phthalate. Key: A, Form
1; B, Form II; C, physical ‘mixture of sul-
famethoxazole and cellulose acetate phthalate;
D, simple coacervated microcapsule; and E-

30) 30 10.0 H, spray-dried products prepared from the

. pH formulations containing 50g of cellulose ace-
Key : c?acemte. o tate phthalate (E), 50g of cellulose acetate
mwrocapfule. ,O phthalate and 50g of colloidal silica (F), 50

spray-dried microcapsule, (J
Medium : buffer soltion (z2=0.1) g of cellulose acetate phthalate and 50g of
montmorillonite clay (G), and 50g of cel-

Zeta potential (mv)

B R—

Fig. 4 Zeta potential-pH profile of coacervate, lulose acetate phthalate and 50g of talc (H).
microcapsule and spray-dried microcapsule The medium was 5% NH,OH

2T, CERMNZREUZ, a7 vR— k&R 2EDOYA 7 uh 7D CEA-PH dhif %, Fig-4WWRd, 2
7R kD UEANZ, pH 4.5%280c L T pH>4.5 Tk Alc, pH<4.5 TRMIZIEIC L 512, C DESAIHEE I
¥5FUDEFNEFLL TV S, —F, BREABTHEUIZA 7 0l Tevd CEAM-PH g, 27 Vv _X=- O
ZRE Y S TFHICKEIL, pH BS3UTRZS e CBMZIERELL W, 47 nh 7w VOBRSKIERR, K
BERD Y5 7 oS BE 2 Licizy, AROBRMIEE 2K, 37 v X - FOESNERHE —HLU L L7 )
DEBEbNE, BEBEHRWEZLIZYA 7 a8 Tev®d CBMIZTNTO pH i THERD, ¥IF00
EHEOEEVERBIEZBEDOHE LY 6N EERL TS,

4. 2 EMEOZR (polymorphism)

IEBARE TS HCPREZRINZ 100, HREOITHBSMOGRECHERTEMTH 2, 201D, HWH
DRERTEDBBEBRTICELT A LMD b, SHED, ZROFEENHS N TV 3 HFREEYDOESTIERS NS
BEThb, BEBHBZSEISEET 28, ZOAMEAALRZED 31D, BRECEREEDOR 5 LERER
OREFERBAULT 2 WD B, UL LEVE, MEBEREREY L LERNEZIER T 2581, ELERD
s, MEOREORZELEHE, WCAF L5,

BELO W, AT > A NFF T - VR RVE AT F - T EL = DT UE=FIKBERCERL R, &
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T = b7 2V = bRETIILVILENT, RNFOAZ A ST D2BBRZR U, ZOMEEL Wi BEADX
MEFTREZ Fig-TIKRT TLoEVRFA4 I UA, aalf 20 ) HREBICREL BER2E5A b o100 &
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Junginger 866D &, N Z -V, T NN E L <V, FVEFTNELY, TrFwFL, FuFTAT =T
VOV R T - MED, WBCHRLET & o THERERCHRECEMT S 2RV Uz, ZOft, Table-8
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Fig. 7 X-ray diffraction patterns of original sul-
famethoxazole and spray-dried products wi-
thout cellulose acetate phthalate. Key: A,
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SN Form I; B, Formll; C-F and H,spray-dried

10 15 20 25 30 3600 1600 1200 800 .
DIFFRACTION ANGLE (26) 2800 1400 1000 products prepared from the formulations
WAVE NUMBER, cm™! containing 30g of colloidal silica (C), 30g of
Fig. 6 IR spectra and X-ray diffraction patterns montmorillonite clay (D), and 30g of talc.
of spray-dried products with increasing am- (E,F, and H); and G, original tale. Key
ounts of cellulose acetate phthalate: A, 10g; for H: I, Form I; II, Form II; and T, talec.
B, 20g; C, 30g; D, 40g; and E, 50g. The Media were 5% NH,OH (C,D, and H),

medium was 5% NH,OH. distilled water (E),and pH 1.2 solution (F).
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Table8 Polymorphism by spray drying
Core material Coating Polymer & Solvent Polymorphism References
Aspirin, Phenacstin, PVP, MC, Kolloidon Amorphous (18, 19)
Griseofulvin Chloroform-methanol
Barbital, Carbromal Chloroform Metastable phase (67)
Phenobarbital Chloroform-methanol ”
Chloramphenicol palmitate Chloroform Metastable phase (68)
Digitoxin Chloroform-methanol Amorphous (69)
MC/Chloroform-methanol v
Lactose Water * @-monohydrate (11)
a-anhydrate
B-lactose
Lactose Water 8% Amorphous (70)
Phenobarbital Alcohol Amorphous (71)
PVP/Alcohol ”
Salicylic acid, Sod. salicylate Gum Arabic, PVP, CMC 50~80% Amorphous ( 3)
Gelatin/Water
Sulfamethoxazole CAP/Ammonium solution II + Amorphous (28)
Sulfamethoxazole Talc/Ammonium solution I+1 (29)
Sulfamethoxazole Gelatin-Acacia coacervate/Water 'Amorphous (30)
Sulfanilamide, Sulfathiazole Methanol-Water Metastable phase (73)
Acacia/Ammonium solution Amorphous (32)

Sulfisomidine

4. 3 RIGZEES ZRIRE

ERLZRICIG2{Th®, HEMKROERY 282 FHEBSER2ED T3, RIGOFHOEHIE, BRROK
JICHEMERE 2B - TRIGIBBE S, Wil EBRERPGEYE2BAIETE X, ChERGRTTHOE
LBEENDH B, Speiser 2 PFEEF LD OBBEMSERINZICE T 2, BEDOHE L Tid, Croshy 5™ iz X %

VN VBRI E T VES TN ARRISI®T,

VU U E= T LONKEEEMET AHND S,

EEL™ I, BIEOIGABIE LT, 73714 v oxF L o7 2 UKBRICERLUIC S D2BBEZHRLT, 7

T4V e FLUoT7 I VOEESER(TE 274 ) ) REEL T2, BREBEE 2EA IV THEI

Characteristic peaks for

Thaoph{lune ——
Aminophylline —==s=
o-aminophylline ——e=

145°C

130°G,

11s°c

N reoerer A
..... PSRN, ] ! ——

1 20
piffraction Angle (26)

Fig. 8 X-ray diffraction patterns of the spray-
dried products prepared at various spray
drying temperature

D X#R
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