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Ortho #4e] &ubgoll 2siA n-slebge] A4 Ashg 248 g oiléaﬂis’z}xﬂi A5Hgt meta B4R
dgich Meta ¥4 A4 e] dA 9 scale-up $18 7|2ARE A7) 915k ortho B4be) S5l EA,
uh-g-Z730] meta 5-4ke] QA A EHgol v]x= G 55 AFIe] meta F-4F A H AL 2HE 2E5Hck
Sardzbe] HaUd, gebes 9 b, Sarseel Y] uhedAR-E, abE R, WAL Sol Al¥
W52 tfFelH.on, ortho $4He] E5uh-gS o ill-ﬂll Ab-ge] BgdANte nds sﬂ fs}° o} & A7
A3} ortho £-41e] Eenb-g-& B-alglafol 9] &ite] wbg4 e AR A2 Velydon, A4S g uks-9
HAx7e o5 2ol dAHUC HP£A17¥~35-401-, uhg-2- % : 135-140C, JL”J#E:?OO—SOO rpm, &2
X5 ;2528 wt%, $-4FY AR 7] ¢ 0.20-0.35 mm, ¥HESHE : 700-720 mmHg.

Abstract—Meta boric acid which can be used in the esterification for the control of liquid oxidation of
n-paraffin was obtained by dehydration of ortho boric acid. The characteristics of dehydration or ortho boric
acid and effects of the experimental variables on the conversion of ortho boric acid to meta boric acid were
examined in order to obtain the basic data which are required for the design and scale-up of process producing
meta boric acid. Particle size, reaction temperature and pressure, particle content in the slurry phase, mixing
speed and reaction time were chosen as operating variables, and the reaction was analyzed in terms of
a heterogeneous liquid-solid reaction model. From the results of this study, the diffusion in the particle
was presumed as the rate determining step, and the optimum conditions for this reaction were determined
as follow in view of economics: t{reaction time): 35-40 min, T(reaction temperature): 135-140C, R(mixing
speed): 700-800 rpm, S(slurry content): 25-28 wt%, d,(particle size): 0.20-0.35 mm, P(reaction pressure): 700-
720 mmHg.
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A Aarshhg SollA] W 28 AT CzH =3
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Fig. 1. DSC analysis of feed(d,=0.215 mm).

Table 1. Experimental conditions

Variable Range

d,(mm) 0090 0153 0215 0375 0.600
T(C) 125 130 135 140 145 150
R(rpm) 300 500 700 900

S(wt%) 80 180 280 380
P(mmHg) 550 600 650 700 760
t(min) 10.0 200 300 400 500

rpm2 Holo 4] 4271 Al steich. ztzhe] whe
Slell A 108 HA o2 59 SAstalch
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magnetic stirrer® AR&-8to] WH-EE A St ks
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Fig. 2. Schematic diagram of experimental apparatus.

1. 3-neck flask 9. Filter

2. Feed inlet 10. Regulator

3. Thermocouple 11. Vacuum pump
4. Heating mantle 12. Controller

5. Digital relay 13. Magnetic stirrer
6. Temperature controller 14. Flexible stand
7. Reflux condenser 15. 2-neck flask

8. Pressure gauge
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Fig. 3. SEM images of boric acid at various reaction times
(d,=0.153 mm, T=140°C, P=760 mmHg, R=
700 rpm, S=8 wt%).
(a) t=0min, (b) t=20min, (¢) t=40 min.

H,BO, —2> HBO,+ H,0 3)
2HBO, —%> B,0;+ H,0 (4)

Kurata2} Koshida % Kodo %[1,2]9] A1 ZH 3] 2]
shd 219 (3), (4) ¥ks-9f vk X7} 120C A% o]
A=lw, B o] meta §4HS] ¥-F-qto] ad ] FEqty)
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00, 2379 397, 83/

41,8579

100 3do ado
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Tamperatura <*C)
Fig. 4. Typical example of DSC analysis of product.

d,=0.600 mm, t= 10 min, T=140C, P=700 mmHg,
S=8wt%, R=700rpm.
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Ortho g4+e] St At gAY zi7]o= &
Wbyl glgl o, gepub-go] A=A ortho $-4kol
FHEAdW Beol gx o] porert A== -4 Fig. 3
ol & 4 gl Fig 32 J#e] #7]7} 0.153 mm3l
ortho $-Ate] Bpub-ge] A=A glale] Fwol
W s}halis oFARS SEMARZLC® vhehdl Zlo)r). Fig. 39
()& 989 ortho BAkIAte] Eweld (b)& uhg
Al7be] 204 7 F 2|3 ()= HbE-AIzbe] 408
Ak Fof e E vleld 32 9} ole} 242 ortho
FAke] BpubeAn AR FAke] PR meta 53¢
A=A 8] o g wchstr] ¢lsle] YA EA-8- DSC(dif-
ferential scanning calorimeter)$} XRD® #-4{sle], =2
Artel oAd¥-£ Fig 49} 50l 712t vhepdigiel Fig 49
DSC #4 7zl A B 4= g)5%0] 230C ZA N4 melt-
ing @49 548 Jeldl= B3] meta 54kl X
&S oF = 9ok =3 solid sample®] XRD 241
Z3H5 ASTMe| B-HBO, ¥4 dzjel wlamsted, ¥ A
o] Axt AR F4te]l 32 meta FAYE ASE

S.a .08 30.98 w.qan 59.08 58.38 n.4 u‘.ﬂ
Fig. 5. Typical example of XRD analysis of product.
d,=0.600 mm, t=30min, T=140C, P=700 mmHg,
S=8 wt%, R=700 rpm.
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Fig. 6. Effects of t on X in dehydration of boric acid(R=
700 rpm).
] A | ] v
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Fig. 7. Effects of T on X in dehydration of boric acid(t=

40 min).
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Fig. 8. Effects of P on X in dehydration of boric acid(S=

28 wt%, t=40 min).
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Fig. 9. Effects of S on X in dehydration of boric acid(T=
135 °C, P=700 mmHg, R=700 rpm).
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Fig. 10. Effects of d, on X in dehydration of boric acid
(P=700 mmHg, t=40 min, R=700 rpm).
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Fig. 11. Effects of R
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on X in dehydration of boric acid
P=700 mmHg, ¢=40 min, S=28
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Fig. 12. Plots of limiting case of diffusion control(P =700

mmHg, R=700 rpm, T=135°C, S=28 wt%).
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NOMENCLATURE

dA :lattice spacing (4]
C, :concentration of paraffin at the bulk region

[mol/7]

C, :concentration of paraffin at the unreacted core
[mol//]

Cps  :concentration of paraffin at the particle surface
[mol/!]

D  :diffusion coefficient [m?/s]
I : intensity [count/s]
k, :mass transfer coefficient [m/s]

k. :reaction rate constant [m/s]

M; : molecular weight of particle [kg]

P :pressure {mm Hg]

R :mixing intensity [rpm]

r : radius of unreacted core of particle [m]
rp :diffusion rate [mol/s]

Iy :mass transfer rate [mol/s]

re  :chemical reaction rate [mol/s]
S :slurry content [wt%]

T  :temperature [°K]

t : reaction time [s]
X : fractional conversion
X4 :fractional conversion
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xg :fractional conversion 2. Kodo, M., Kaneko, S. and Kurata, N.: /li{L28, 24,
427(1975).

Greek Letters 3. Lee, K. W, Choi, M.J. and Choi, C.S.: “A Study
on Manufacturing Process for Secondary Fatty Al-

pg :density of particle [kg/m®] cohols”, Report to MOST(1984).

T :time required for the complete reaction [s] 4. Carberry, J.].: “Chemical and Catalytic Reaction
Engineering”, McGraw-Hill, N. Y.(1976).

REFERENCES 5. Levenspiel, O.: Chemical Reacting Engineering”,
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