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On the Exponential Diffusion Equation
by

Katsumasa Kaneko, Shunji Takekawa, Yukio Hosokawa and Shin-ichiro IsHipa

Abstract

In an earlier paper, we proposed an exponential diffusion equation of wide application for

the diffusion coefficient with concentration dependency :

A D=D, exp (AC— BC?),
and suggested that the concentration coefficient A and B should relate to the second virial
coefficient derivative I"; and the concentration coefficient of sedimentation coefficient k..

The relations between characteristics of diffusion curves and A or B can be gained by
means of computer with satisfactory accuracy. In case of general polymer solutions which
give positive skewness, A is positive or near zero and B is negative. Such as the regenerated
cellulose from over-aged alkali cellulose gives nearly equal value of positive A and B, which
results kurtosis smaller than 3. Plolymolecularity inclines both 4 and B to the negative side.

In any way, it seems that each polymer has its individual region of I",/ks values and we
can easily show it on the (A4, B) coordinates.
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D=D.exp(AC — BC?) 2)
Lx%, A BIirAEOEY 5 2 TEEE L » TR (1) 8L, +ibb
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Fig. 1. Some diffusion curves for B= —4. Fig. 2. Some diffusion curves for B=0.
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Fig. 3. Some diffusion curves for B=4.
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circle: obtained from the iterative method,
line : theoretical.
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Table 1. Kurtosis of the calculated diffusion curves

B Al -5 —4 -3 -2 -1 0 1 2 3 4 5
5 3.369 2.647 2.208 2.060
4 4.885 3.748 2.898 2.370 2.190 2.370
3 5.495 4.197 3.196 2.562 2.345 2.562 3.196
2 6.218 4.725 3.549 2.791 2.528 2.791 3.549 4.725
1 8.976 7.053 5.340 3.965 3.061 2.745 3.062 3.966 5.340 7.048
0 7.988 6.052 4.454 3.380 3.000 3.380 4.454 6.052 7.986
—1 9.041 6.865 5.022 3.753 3.297 3.753 5.022 6.865 9.040
-2 7.789 5.678 4.187 3.644 4.187 5.678 7.789 10.210 12.757
-3 6.428 4.689 4.043 4.689 6.428 8.828 11.501
—4 5.261 4.501 5.261 7.275 9.983 12.908
-5 5.019 5.909 8.227 11.255 14.431
Table 2. Skewness of the calculated diffusion curves
g~ -5 —-¢ -3 -2 -1 0 1 2 3 4 5
5 —0.994 —0.666 —0.334 0
4 —1.435 —1.091 —0.735 —0.370 O 0.370
3 —1.562 —1.197 —0.811 —0.410 0 0.410 0.811
2 —1.703 —1.314 —0.89% —0.454 O 0.454 0.896 1.314
1 —2.228 —1.855 —1.441 —-0.989 —0.504 © 0.504 0.989 1.441 1.854
0 —2.015 —1.579 —1.092 —0.559 0 0.559 1.092 1.579 2.015
-1 —2.184 —1.726 —1.203 —0.620 O 0.620 1.203 1.726 2.184
-2 —1.883 —1.324 —0.687 0 0.687 1.324 1.883 2.360 2.771
-3 —1.453 —-0.759 O 0.759 1.454 2.049 2.544
—4 -0.837 0 0.837 1.591 2.222 2.733
—5 0 0.920 1.736 2.401 2.926

3. FRAEERROIFHE & IR O E LMK

BEMEHAFTDOER A, B ¥ RD21A (1) #FAT2 2 L3 TE 55, HEERMLBEL D
LELOENKEL BB ELHDDT, IBHMBROFHEME L EH A, B HoBGER»RDHR T
HEEFTH B,

43, Gosting, Fujita® i fif » TIABH R DREEOM E 435 ~, R BIREC X 2Rk
WTHEH L,

Gosting, Fujita o 5B %R L €, EiE{LBEOEHME C=05 ot bic Taylor BREL T, &
COEUBETEIRETL - b EOPBBBCBIT 2 HERR DO I L e,

A-B {_(6+12«/§ 24—2/3

Cr="57% 2 T

+3)(A - B

(B OB gpa(n-2E)),
ar:%{(Z#é?)(A-—B)z—(2+{7;§>B+12} , an
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_A—B [r1581-1236v6/ 1 3 [2‘
=15 {105 T,r ~2/=Ja-Br

+4[3&T102336—‘/_ 10/— B+9 f2 (12)

2 , (12— 12/’
D=4 / —(A By —(2=202 +4)B+48} (13)

12+3/_ 12— 12/—
V= f (B2 12)(a - (B2 ) (14)
rtEL

Cr=Cy_p—0.5, (15)
ar= Q/(D/Dm)zc 05’ (16)
Br=p/(D/D 2, , 17
D,=Yx_o(D/Dw)y_o/(D/D)% 5 (18)
Yr= YX=0 (D/D”')léz:os . ] (19)

X (100~(14) i3, BH A, B 0#EHED 0 D BIRADICON TEIELIC L 2B L kXD
T, BEMCIEEORENE O 5 bhbhoEREY AV, ROWASEIL LT B OfESHESS
¥TC,A L BOEN2 ETOEHBMT, 3T 1 BUADOBECHATELIERK L LTHERADL O
B,

D;=(0.00003B%—0.00051 B +0.00548) (A — B)*+0.00035B%—0.01000B+1/+ 27, (20)

Y ,=(-0.00018 B2+0.00190B ~0.01160) (A — B)*+0.000358%—0.01000B+1/v2 . (21)

4. FLRBKERT
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DHEE > TEVOEBIH DD, KE2HET, A & B lidEASRU L5 Keflieteh, Liznio
TOTR BIINPEV, %, 17.5% NaOH KB TER LT A h Ve v — 2 % N/2 D¥EEETH
RUTHEL LA v — DARER S L= 5L v 27 ¢ v HROERER AT (Table 3),

CIR T BIC ks BEATIE2 ) 7 AERET TR E DR S & O RE OB E RIFFK
T, Onsager, Fuoss®3s X t¥ Flory, Krigbaum® iz & » T 57k D BIHER

D _ 1+2Lc+391F ¢?
D, 1+ksc

(22)
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Table 3. Some characteristics of the diffusion curves of the solution of regenerated cellulose from

over-aged alkali cellulose

Cellulose solution ﬁrgsl?g DpP a B A B r, ks Tu/kg
9 285 2.25 —0.01 1.83 2.20 4.16  6.03  0.69
12 300 2.37 0.08 1.84 1.63 4.64 6.98  0.66

15 279  2.52  0.00 0.62  0.58
) ) 18 234 232 0.16 2.64 2.4 7.06 10.82  0.65
Cuprammonium solution 21 219 2.3 0.10 1.96 1.70 5.03 7.62  0.66
30 175 2.3 0.08 2.3 1.95 6.24 9.55  0.65
36 172 2.38 0.07 2.01 1.81 5.15 7.79  0.66

42 158 2.28 0.02 2.3  2.32
. o 21 219 2.35 0.07 2.00 1.8 5.13 7.75  0.66
S:ﬁlrtiz:lhyle“ed‘ amine 30 175  2.37  0.17 2.40 2.00 5.94 8.89  0.67

36 172 2.42  0.11 2.13 1.81 5.58 8.49  0.66 J

A/co=2T—ks=Fp,

B/c3=2—-39)3—ki/2Z,

kp: D DEEEKFHRE

(23)

(24)

BEED, ChABCTRDIS DTH D, 12750 9 120.25 & Lic, ¥ OB 1g/100m T %
bo TRBCIHER(LL THE T 2 L%\ 0T, WERE LINEFRB LERbor cEThs, L

fo i T (23), (24) %
A=2col)—coks=Cokp .
B=(2-39) (colY—(coks)/2,

DEXSEEZLIHBFEHTH S,

(23)

24)

L\'i, A, B &Fz, ks @@%%&6@?:, Con/Coks %&hﬂi?)(gﬁib*(ﬁ%?‘éb*%, :h& A, B

LaFETRTLE Tabled D& 75,

E 30 BRI OBHE O=F L v U7 I VEROIEERMB L, A, B LI E L i % Fig?

Table 4. [',/ks values of the calculated diffusion curves

B Al _5 4 -3 -2 -1 0 1 2 3 4 5
5 —2.42 1.61 0.67 0.65 0.64
4 —1.69 —4.65 2.71 0.66 0.65 0.64
3 —1.26 —2.14 15.35 1.0 0.71 0.65 0.64 0.64
2 ~0.98 —1.31 —3.11  2.00 0.67 0.64 0.64 0.64
1 —0.78 —0.89 —1.19 —4.65 0.65 0.64 0.64 0.63
0 —0.63 —0.63 —0.63 —0.63 —0.63 0.63 0.63 0.63 0.63 0.63

-1 —0.52 —0.46 —0.37 —0.18 0.16 0.50 0.60 0.62 0.63 0.63 0.63
-2 —0.43 —0.34 —0.21 0.0 0.27 0.50 0.59 0.62 0.62 0.63 0.63
-3 —0.35 —0.25 —0.10 0.10 0.32 0.50 0.58 0.6] 0.62 0.63 0.63
—4 ~0.29 —0.18 —0.03 0.16 0.35 0.50 0.57 0.60 0.62 0.62 0.63
-5 —0.23 —0.12 0.03 0.20 0.37 0.50 0.57 0.60 0.61 0.62 0.63
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Fig. 7. Standardized experimental diffusion curve
of cellulose regenerated from over-aged
alkali cellulose (cupriethylenediamine solution).
open circle: calculated, closed circle: experi-
mental.

Table 5. Results of diffusion and viscosity on PAN by H.Kobayashi

i, kp A,X10°
Fract. no. MpyXx10 Co 100ew/g cnt-g-2 -mole T/ks A B
A 575 1.013 2.69 1.15 0.63 2.72 —0.87
B 434 1.007 2.11 1.23 0.62 2.12 —1.09
C 356 0.984 1.89 1.32 0.63 1.86 —0.57
D 256 0.997 1.48 1.35 0.64 1.48 0.19
E 174 0.965 1.04 1.52 0.62 1.00 —0.27
F 103 0.994 0.72 1.78 0.62 0.72 —0.13
G 64 1.021 0.48 1.90 0.62 0.49 —0.06
H 51 1.008 0.45 2.10 0.63 0.45 0
J 28 1.004 0.27 2.36 0.63 0.27 0

ii) R EFME - LVBROBE

FYVEEEE = (PVAC) 71+ VIERE 2 & 7 — LVEEID 25°CIC 36135 HEEds & OVLRE S5 5
% Table 6 3 X O Table 7 ic~¥, fhkdifRic® ) #@AL, (20), 21) 15 A, B %Ko, Tu/k,
HETHE LA, £ m —ARPAN I ) 3OS RERRL T, SIoBRCBET5 - &L 288
%o RICIINBIRB A RE L EMRBIGRICH B = LR TEL TRDE cokp TR LA, X EEE

Table 6. Results of diffusion and sedimentation on PVAc in acetone

Fract. no. M» X107 cokp ks A B '/ ks
unf. 1017 0.72 2.66 0.32 —0.48 0.57

1 1880 1.48 5.93 0.56 —0.50 0.60

2 1377 0.96 4.68 0.17 —0.59 0.54

3 1323 1.63 4.44 0.14 —0.80 0.53

4 1066 1.24 4.16 0.02 —0.80 0.51

5 834 1.10 3.82 0.83 —0.48 0.61

6 687 1.39 2.62 0.38 —0.39 0.58

7 332 0.17 1.68 —1.13 —1.36 0.17

8 157 —0.13 0.96 —2.59 —2.59 —0.07
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Table 7. Results of diffusion and sedimentation on PVAc in methanol
Fract. no. M,X107% ¢ kp kg A B I,/kg
unf. 784 —0.03 1.91 —1.64 —1.64 0.05
1 1475 0.45 3.95 —0.50 -0.89 0.34
2 1336 0.12 2.83 —0.98 —1.11 0.19
3 955 0.03 2.47 —1.11 —1.11 0.14
4 920 0.00 2.23 —0.60 —0.92 0.31
5 763 —0.09 1.97 —-0.61 —0.61 0.25
6 609 —0.14 ©1.68 0.23 —0.21 0.57
7 431 —0.15 1.03 —0.19 —0.55 0.43
8 140 —0.24 0.56 —0.19 —0.57 0.44
0.5} 1 0.5k l’
oie
®
0.4 c:"t,",3 0.4} T%
8 ° °
0.3k T % 0.3k e
- [} % > 8 o
[+)
0.2F e ro8 0.2} ] &
) L) ; -9
0.1} & 1+ % 0.1} o + %
) o° 8
0._1__Annﬂ&f L 1 ?\‘“an_.m._ O_AJM' i 1 II“MA_J_
3 -3 -2 -1 0 1 2 3 14 —4 -3 -2 —1)(() T 2 3 4 5
b% -

Fig. 9. Standardized diffusion curve of PVAc in
acetone (M,=157 x 10%).
open circle: calculated, closed circle: experi-
mental.

Fig. 8. Standardized diffusion curve of PVAc in
acetone (M,=1066 x 10%).
open circle : calculated, closed circle: experi-
mental.
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