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FOREWORD 

2 

The nnain body of the physical data on pure diphenyl 
i s the p roper ty of the Monsanto Chemical Company and has 
beenpubl i shedby themi in var ious technical r e p o r t s and sa les 
l i t e r a t u r e . 

Data on vapor pressurCj enthalpy and dens i t ies of 
liquid diphenyl and i t s sa tura ted vapor were made available 
by m e m b e r s of the Monsanto Chemical Company r e s e a r c h 
staff at Anniston, Alabama^ This was a l so the source of i n ­
formation on the viscosi ty of diphenyl a s a function of t e m ­
p e r a t u r e , the Mollier d i ag ram and the t empe ra tu r e entropy 
d iag ram. 

The data on the t h e r m a l conductivity of Dowtherm A 
was furnished by the Dow Chemical Company. 

The phase - ru l e d i a g r a m s for diphenyl and the diphenyl 
benzenes and for m ix tu r e s of diphenyl and i t s pyrolys is p r o d ­
ucts along with v i scos i t i e s of th ree mix tu re s were de termined 
at Argonne. 
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3 

TABLE OF CONTENTS 

ABSTRACT. 5 

I. PHYSICAL PROPERTIES OF DIPHENYL . . . . . . . . . . . . . . . . 5 

1. Miscel laneous Phys ica l Data on Diphenyl 5 

2. Thermodynamic P r o p e r t i e s of Diphenyl 5 

3. Moll ier Diagram 12 

4. T e m p e r a t u r e - E n t r o p y Diagram for Diphenyl. . . . . . . . . 12 

5. Viscosi ty Data . 12 

6. T h e r m a l Conductivity 12 

7. Coefficients of Heat T r a n s f e r . . . . . . . . . . . . . . . . . . . 13 

II. DATA ON MIXTURES OF DIPHENYL WITH OTHER MATERIAL . 13 

1. Mixtures of Diphenyl with o-Diphenylbenzene 14 

2. Mixtures of Diphenyl with m-Diphenylbenzene . . 14 

3. Mixtures of Diphenyl with p-Diphenylbenzene 14 

4 . Mixtures of Diphenyl with i t s Py ro ly s i s P roduc t s 14 

(•t'-i o e 4 



4 

LIST OF FIGURES 

F i g u r e Tit le Page 

1 Moll ier Diagram for Diphenyl . . . . . . . . . . . . . . . . . . . . . i(, 

2 T e m p e r a t u r e Entropy Diag ram 17 

3 Calculated T h e r m a l Conductivity of Dowtherm A . . . . . . . . . ig 

4 Liquid F i l m Coefficient for Dowtherm Inside P ipes . . . . . . . 19 

5 Melting Po in t s for the System Diphenyl -o-Diphenylbenzene. . 20 

6 Kinematic Viscosi ty of Mixtures of Diphenyl with 
o-Diphenylbenzene at 130C . . . . . . . . . . . . . . . . . . . . . . . 21 

7 Melting Points for the System Diphenyl - m-Diphenylbenzene. 22 

8 Kinematic Viscosi ty of Mixtures of Diphenyl with 
m-Diphenylbenzene at 130C . . . . . . . . . . . . . . . . . . . . . . . 23 

9 Melting Poin ts for the System Diphenyl - p-Diphenylbenzene . 24 

10 Kinematic Viscosi ty of Mixtures of Diphenyl with 
prDiphenylbenzene at 130C. 25 

11 Melting Poin ts for the System Diphenyl-Tar 26 

12 Kinematic Viscosi ty of Mixtures of Diphenyl with Pyroly t ic 
T a r s at 130C 27 

LIST OF TABLES 

Table Tit le Page 

I Miscel laneous P r o p e r t i e s of Diphenyl 6 

II T h e r m a l P r o p e r t i e s of Diphenyl . . . . . . . . . . . . . . . . . . . . 7 

III Viscosi ty of Diphenyl a t Var ious T e m p e r a t u r e s . . . . . . . . . . 12 

IV Approximate Analys is of Pyro ly t ic Ma te r i a l s . . . . . . . . . . . 15 



5 

ENGINEERING PROPERTIES OF DIPHENYL 

by 

Kermi t Anderson 

ABSTRACT 

Data collected f rom the l i t e r a tu re on the vapor p r e s ­
su re , enthalpy, liquid densi ty, and vapor density of pure 
diphenyl a r e p resen ted . A Moll ier d i ag ram, a t e m p e r a t u r e 
entropy d iagram, and data on the v iscos i ty of diphenyl a s a 
function of t e m p e r a t u r e a r e a l so p resen ted . 

Data on the melt ing points of s eve ra l b inary sy s t ems 
containing diphenyl and for complex mix tu r e s of diphenyl and 
i t s pyro lys i s products a r e p resen ted graphical ly . Graphs of 
v iscos i ty v e r s u s composit ion at 130C for the sy s t ems a r e a lso 
p resen ted . 

I- PHYSICAL PROPERTIES OF DIPHENYL 

These data were obtained by the r e s e a r c h staff of the Monsanto 
Chemical Company and of the Dow Chemical Company. No d iscuss ion of 
the methods used in obtaining the data p resen ted herewi th will be given. 
Original sou rces can be consulted for the methods used in obtaining the 
data . 

1. Miscel laneous Phys ica l Data on Diphenyl 

Table I cons i s t s of a collection of misce l l aneous data on diphenyl. 
P a r t of these i t ems were furnished by the Dow Chemical Company of Midland, 
Michigan, the r e m a i n d e r being taken f rom standard chemica l handbooks. 

2. Thermodynamic P r o p e r t i e s of Diphenyl 

The t h e r m a l p r o p e r t i e s of diphenyl a r e quoted in Table II f rom 
data compiled by the technical staff of the Monsanto Chemical Company. 

^The following is quoted f rom the acknowledgement in the Monsanto 
Chemica l Company 's technical files at Anniston, Alabama. 

"In collecting this data s eve ra l different sou rces have been con­
sulted, and we wish especia l ly to acknowledge the work done by the 
following; 

P r o f e s s o r J, M, Cork and M r . D. A. Wilbur of the Univers i ty of 

6 3 1 (TOG 



Table I 

MISCELLANEOUS PROPERTIES OF DIPHENYL 
1 

Molecular Weight, g m s / g m mol 
Melting point, *C 
Specific gravity at 75.4°C, gm.s/cc 
L b s / g a l at 75°C 
F lash point (Cleveland Open Cup), °C 
F i r e Point (Cleveland Open Cup), °C 
Specific heat at boiling point, Btu/(lb)(F) 
Latent heat of vaporizat ion at boiling point, Btu/ lb 
Heat of Fusion, Btu/ lb 
Solubility at 25°C, gms/lOO gms solvent 

Acetone 
Benzene 
Carbon Te t rach lor ide 
Ether 
N-Leptane 
Methanol 
Water 

164.L 
69.4 

0.991 
8.27 

106 
124 

0.60 
136.5 
177.8 

95 
95 

143 
63 
19 

7 
0.1 

Michigan for work done on vapor p r e s s u r e , latent heat, and densi t ies of 
both the vapor and liquid diphenyl. 

Labora tory of Applied Chemis t ry , Massachuse t t s Insti tute of Tech­
nology, for work done on specific heat of the liquid which work was done 
by M e s s r s . L. W. Cum.mings, F , W. Stones, M. A. Volante, under the 
di rect ion of M e s s r s . H. O. F o r r e s t and E lmer W. Brugmann. 

Mr . R. O. Fowler of the Universi ty of Michigan, for work on specific 
heat of the liquid at t e m p e r a t u r e s below the boiling point. 

M e s s r s . John Chipman and S. R. Pe l t i e r , Georgia School of Tech­
nology, for their a r t i c le appear ing in Industr ia l and Engineering Chem­
is t ry , Volume 21, page 1106, (1929) re la t ing to vapor p r e s s u r e s . 

Dr . W. L. McCabe, Universi ty of Michigan, and assoc ia tes for work 
done in collecting these data and p repa r ing them for publication. 

P ro fes so r W. L, Badger , Swenson Evapora tor Company, for his 
cooperat ion in the p repara t ion of these tables and for the t imely and 
helpful suggest ions which he has offered." 

acii GÔ^ 
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Table II 

THERMAL PROPERTIES OF DIPHENYL 

(Courtesy Monsanto Chemical Company) 

Temper 

F 

156.6 
160 
165 
170 
175 

180 
185 
190 
195 
200 

205 
210 
215 
220 
225 

230 
235 
240 
245 
250 

255 
260 
265 
270 
275 

280 
285 
290 
295 
300 

305 
310 
315 
320 
325 

ature 

C 

69.2 
71.1 
73.9 
76.7 
79.4 

82.2 
85.0 
87.8 
90.7 
93.3 

96.1 
98.9 

101.7 
104.4 
107.2 

110.0 
112.8 
115.6 
118.3 
121.1 

123.9 
126.7 
129.4 
132.2 
135.0 

137.8 
140.6 
143.3 
146.1 
148.7 

151.7 
154,4 
157.2 
160,0 
162.8 

P r e s s u r e 

Hg Vac. 
In. 

29.9 
29.9 
29.9 
29.9 
29.9 

29.9 
29.8 
29.8 
29.8 
29.8 

29.8 
29.8 
29.7 
29.7 
29.7 

29.6 
29.6 
29.6 
29.5 
29.5 

29.4 
29.3 
29.3 
29.2 
29.1 

29.0 
28.9 
28.8 
28.6 
28.5 

28.3 
28.2 
28.0 
27.8 
27.6 

psi , 
abs . 

0.015 
0.017 
0.020 
0.024 
0.028 

0.033 
0.038 
0.044 
0.052 
0.060 

0.069 
0.080 
0.092 
0.105 
0.120 

0.137 
0.156 
0.177 
0.201 
0.227 

0.256 
0.289 
0.325 
0.365 
0.408 

0.457 
0.509 
0.568 
0.631 
0.701 

0.776 
0.860 
0.949 
1.050 
1.150 

Heat Content 
Btu/ lb 

Liquid 

0.0 
1.4 
3.4 
5.4 
7.4 

9.5 
11.5 
13,6 
15.6 
17.7 

19.8 
21.9 
24.0 
26.1 
28.3 

30.4 
32.6 
34.8 
36.9 
39.1 

41.3 
43.6 
45.8 
48.1 
50.3 

52.6 
54.9 
57.2 
59.6 
61.9 

64.3 
66.6 
69.0 
71.4 
73.9 

Latent 

190.9 
189.0 
187.5 
185.5 
183.5 

182.0 
180.0 
178.5 
176.5 
175.0 

173.0 
171,5 
170.0 
168.5 
167.0 

166.0 
164.5 
163.5 
162.5 
161.5 

160.5 
159.5 
158.5 
157.5 
157.0 

156.5 
155.5 
155.0 
154.5 
154.0 

153.5 
153.0 
152.5 
152.0 
151.5 

Total 

190,9 
190.4 
190.9 
190,9 
190.9 

191.5 
191.5 
192.1 
192.1 
192.7 

192.8 
193.4 
194,0 
194.6 
195.3 

196.4 
197.1 
198,3 
199.4 
200.6 

201.8 
203.1 
204.3 
205.6 
207.3 

209.1 
210.4 
212,2 
214.1 
215.9 

217.8 
219.6 
221.5 
223,4 
225.4 

Density 
Ib/cu ft 

Liquid 

^ 

-
-
-
-

61.36 
61.24 
61.11 
60,98 
60,85 

60,72 
60.59 
60.45 
60.31 
60.17 

60.03 
59.89 
59.75 
59.60 
59.46 

59.32 
59.18 
59.04 
58.90 
58.76 

58,62 
58,48 
58.35 
58.21 
58.08 

57.94 
57.80 
57.66 
57.52 
57.36 

Vapor 

^ 

_ 
_ 
-
_ 

0.00058 
0.00067 
0,00078 
0.00092 
0.00108 

0.00127 
0.00147 
0.00169 
0.00190 
0.00214 

0.00242 
0.00273 
0.00317 
0,00359 
0.0041 

0.0047 
0,0053 
0.0059 
0.0065 
0,0071 

0,0078 
0,0086 
0,0095 
0.0105 
0,0117 

0,0129 
0.0142 
0,0156 
0.0170 
•0.0187 

SSI OCL 



Table II (Continued) 

Tempe 

F 

330 
335 
340 
345 
350 

355 
360 
365 
370 
375 

380 
385 
390 
395 
400 

405 
410 
415 
420 
425 

430 
435 
440 
445 
450 

455 
460 
465 
470 
475 

480 
485 
490 
491.5 

r a ture 

C 

165,6 
168.3 
171.1 
173,9 
176.7 

179.4 
182,2 
185.0 
187.8 
190.6 

193.3 
196.1 
198.9 
201.7 
204.4 

207.2 
210.0 
212,8 
215.6 
218.3 

221.1 
223.9 
226.7 
229.4 
232.2 

235.0 
237.8 
240,6 
243.3 
246.1 

248.9 
251.7 
254.4 
255.3 

P r e s s u r e 

Hg Vac. 
In. 

27.3 
27.1 
26.8 
26.5 
26.2 

25.8 
25.5 
25,1 
24.7 
24,2 

23.7 
23.2 
22.6 
22.0 
21.4 

20.7 
20.0 
19.2 
18.4 
17.5 

16.6 
15.6 
14.6 
13,5 
12.3 

11,1 
9.8 
8.4 
7.0 
5.5 

4,0 
2,3 
0,5 
0.0 

psi , 
abs . 

1,27 
1.39 
1.53 
1,67 
1.83 

2.00 
2.18 
2.38 
2.59 
2.81 

3,06 
3.31 
3.59 
3.88 
4.20 

4,53 
4.89 
5.27 
5.67 
6,09 

6.55 
7.03 
7.54 
8.07 
8.64 

9.24 
9.87 

10.50 
11.30 
12.00 

12.80 
13,60 
14.40 
14.70 

Heat Content 
Btu/ lb 

Liquid 

76,3 
78.8 
81,3 
83.8 
86,3 

88.8 
91.4 
94.0 
96.5 
99.2 

101.8 
104,5 
107.1 
109.9 
112,6 

115.3 
118.1 
120.9 
123,7 
126.5 

129.3 
132.2 
135.1 
138.0 
140,9 

143.9 
146.8 
149.8 
152.8 
155.8 

158.8 
161.8 
164.9 
165.8 

Latent 

151.5 
151.0 
151.0 
150,5 
150.0 

150.0 
149.5 
149.5 
149.0 
149.0 

149.0 
148.5 
148.5 
148.0 
148.0 

148.0 
147.5 
147,5 
147,0 
147.0 

146.0 
145.5 
145,0 
144,0 
143.5 

142,5 
142.0 
141.0 
140.5 
139.5 

138.5 
137,5 
136,5 
136.5 

Total 

227.8 
229.8 
232.3 
234.3 
236.3 

238.8 
240.9 
243.5 
245.5 
248.2 

250.8 
253.0 
255.6 
257.9 
260.6 

263.3 
265.6 
268.4 
270.7 
273.5 

275.3 
277.7 
280.1 
282.0 
284.4 

286.4 
288.8 
290,8 
293,3 
295.3 

297,3 
299.3 
301,4 
302.3 

Density 
Ib/cu ft 

Liquid 

57.22 
57.08 
56.93 
56.79 
56.65 

56.50 
56.36 
56,22 
56.08 
55,94 

55.80 
55.67 
55.53 
55.39 
55.24 

55.10 
54.96 
54.81 
54.67 
54.52 

54.37 
54.23 
54.09 
53.95 
53.81 

53.67 
53.53 
53,38 
53,24 
53.09 

52.93 
52.79 
52,64 
52.59 

Vapor 

0,0203 
0,0219 
0,0239 
0.0260 
0.0284 

0.0311 
0.0336 
0.0366 
0,0396 
0.0427 

0.0464 
0,0497 
0.0536 
0.0575 
0.0616 

0,0659 
0,0704 
0.0753 
0.0804 
0.0859 

0.0918 
0,0982 
0.1050 
0,1120 
0.1220 

0.1310 
0.1410 
0.1510 
0.1610 
0.1700 

0.1800 
0.1920 
0.2050 
0.2100 

b'ji n(Ki 



Table II (Continued) 

Tempera tu re 

F 

491.5 
495 
500 
505 
510 

515 
520 
525 
530 
535 

540 
545 
550 
555 
560 

565 
570 
575 
580 
585 

590 
595 
600 
605 
610 

615 
620 
625 
630 
635 

C 

255.3 
257.2 
260.0 
262,8 
265,6 

268,3 
271.1 
273.9 
276.7 
279.4 

282.2 
285.0 
287.8 
290,6 
293.3 

296.1 
298.9 
301.6 
304.4 
307.2 

310.0 
312.8 
315.6 
318.3 
321.1 

323.9 
326.7 
329.4 
332.2 
335.0 

P r e s s u r e 
p s i 

Gage 

0,0 
0,6 
1.6 
2,6 
3.6 

4.7 
5.9 
7.0 
8,3 
9.6 

11.0 
12.4 
13.8 
15.4 
17,0 

18.6 . 
20,4 
22.2 
24,1 
26,0 

28.1 
30.1 
32.3 
34,6 
36.9 

39.3 
41.9 
44.5 
47.2 
49.9 

Abs. 

14.7 
15.3 
16.3 
17.3 
18.3 

19.4 
20.6 
21.7 
23.0 
24.3 

25.7 
27.1 
28,5 
30.1 
31,7 

33.3 
35.1 
36.9 
38,8 
40,7 

42,8 
44.8 
47,0 
49.3 
51.6 

54.0 
56.6 
59.2 
61,9 
64.6 

Heat Content 

Liquid 

165.8 
168.0 
171.0 
174,1 
177.2 

180,4 
183.5 
186.6 
189.8 
192.9 

196.1 
199.3 
202.5 
205.7 
208,9 

212.1 
215,3 
218.6 
221,8 
225,1 

228,3 
231.6 
234.8 
238.1 
241.4 

244.7 
248.0 
251.3 
254.6 
257.9 

Btu/ lb 

Latent 

136.5 
135,5 
135.0 
134.0 
133.0 

132.0 
131.0 
130.5 
129.5 
128.5 

127.5 
127.0 
126.0 
125.0 
124.5 

123.5 
122.5 
121.5 
121.0 
120.0 

119.0 
118,0 
117.0 
116.0 
115.5 

114.5 
114.0 
113,0 
112.5 
111.5 

Total 

302.3 
303.5 
306.0 
308,1 
310.2 

312.4 
314.5 
317.1 
319.3 
321.4 

323,6 
326.3 
328.5 
330.7 
333.4 

335.6 
337,8 
340.1 
342.8 
345.1 

347.3 
349.6 
351.8 
354.1 
356.9 

359.2 
362.0 
364.3 
367,1 
369.4 

Density 
Ib/cu ft 

Liquid 

52.59 
52.48 
52.32 
52.16 
52,01 

51,85 
51.69 
51.53 
51,37 
51,21 

51.05 
50.89 
50,73 
50.57 
50.41 

50.24 
50.08 
49.90 
49.73 
49.56 

49.39 
49.22 
49.04 
48.87 
48.70 

48.52 
48.35 
48.17 
47.99 
47.82 

Vapor 

0,210 
0,220 
0,236 
0.253 
0.271 

0.290 
0.310 
0.330 
0.352 
0,373 

0.395 
0.420 
0.445 
0.470 
0.495 

0.525 
0.555 
0.585 
0.615 
0.650 

0.680 
0.715 
0.750 
0,790 
0.830 

0.865 
0,910 
0.950 
0,995 
1.040 



Table II (Continued) 

Tempera tu re 

F 

640 
645 
650 
655 
660 

665 
670 
675 
680 
685 

690 
695 
700 
705 
710 

715 
720 
725 
730 
735 

740 
745 
750 
755 
760 

765 
770 
775 
780 
785 

790 
795 
800 
805 
810 

C 

337.8 
340.6 
343.3 
346a 
348.9 

351.7 
354,4 
357.2 
360,0 
362.8 

365,6 
368.3 
371,1 
373.9 
376.7 

379.4 
382.2 
385.0 
387.8 
390.6 • 

393.3 
396.1 
398.9 
401.7 
404.4 

407,2 
410,0 
412.8 
415,6 
418.3 

421.1 
423.9 
426.7 
429.4 
432,2 

P re s su rC j 
ps i 

Gage 

52.8 
55.8 
58,9 
62.0 
65.3 

68.7 
72,2 
75.8 
79.5 
83.3 

87.2 
91.2 
95,4 
99.7 

104,1 

108,6 
113,3 
118,0 
122,9 
128,0 

133,3 
138,6 
143,9 
149.5 
155,2 

161.0 
167.1 
173,3 
179.7 
186,2 

193,0 
200,0 
207.1 
214.1 
221.2 

Abs . 

67.5 
70.5 
73.6 
76,7 
80,0 

83.4 
86,9 
90.5 
94,2 
98.0 

101.9 
105.9 
110.1 
114.4 
118.8 

123.3 
128.0 
132,7 
137,6 
142,7 

148.0 
153.3 
158,6 
164.2 
169.9 

175.7 
181,8 
188.0 
194,4 
200.9 

207.7 
214.7 
221.8 
228,8 
235,9 

Heat Content 
Btu/ lb 

Liquid 

261.2 
264.6 
267.9 
271.2 
274.6 

277.9 
281.3 
284.6 
288.0 
291.4 

291.7 
298.1 
301,5 
304,8 
308.2 

311,6 
315,0 
318.4 
321,8 
325.2 

328,6 
332,0 
335,4 
338.8 
342,2 

345,6 
349.0 
352.4 
355,9 
359.3 

362,7 
366,1 
369.6 
373.0 
376,4 

Latent 

111.0 
110.0 
109.5 
109.0 
108.5 

107,5 
107.0 
106,5 
105,5 
105.0 

104,0 
103.5 
103,0 
102.5 
102.0 

101.0 
100,5 
100,0 

99.0 
98,5 

98,0 
97.0 
96.5 
96,0 
96,0 

95.5 
95,0 
94.5 
94,0 
93.5 

93.0 
92.0 
91.5 
90.5 
90,0 

Total 

372.2 
374.6 
377.4 
380,2 
383.1 

385,4 
388,3 
3 9 I 0 I 
393,5 
396,4 

398,7 
401,6 
404.5 
407.3 
410,2 

412,6 
415.5 
418,4 
420.8 
423,7 

426.6 
429.0 
431.9 
434,8 
438.2 

441.1 
444,0 
446,9 
449.9 
452.8 

445.7 
458.1 
461.1 
463.5 
466.4 

Density 
Ib/cu ft 

Liquid 

47.64 
47,48 
47,30 
47.12 
46.95 

46,77 
46.59 
46.40 
46,20 
45.97 

45,77 
45,58 
45,38 
45,19 
44.98 

44.77 
44.57 
44.36 
44,15 
43.93 

43.72 
43.51 
43.28 
43,05 
42.82 

42.58 
42.35 
42.11 
41.87 
41.64 

41.39 
41,14 
40,89 
40,64 
40.38 

Vapor 

1.085 
1,135 
1.185 
1,235 
1.285 

1.340 
1.395 
1,450 
1,510 
1,565 

1.620 
1,675 
1.730 
1.785 
1,840 

1,900 
1.965 
2.030 
2.100 
2.170 

2,245 
2.320 
2,400 
2.480 
2,565 

2,655 
2.750 
2.845 
2,945 
3,045 

3,145 
3.250 
3,355 
3,465 
3,580 

891 
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Table II (Continued) 

Tempera tu re 

F 

815 
820 
825 
830 
835 

840 
845 
850 
855 
860 

865 
870 
875 
880 
885 

890 
895 
900 
905 
910 

915 
920 
925 
930 
935 

940 
945 
950 
955 
960 

965 
970 
975 
980 

C 

435.0 
437„8 
440,8 
443.3 
446.1 

448.9 
451,7 
454.4 
457.2 
460.0 

462.8 
465,6 
468.3 
471.1 
473.9 

476.7 
479.4 
482.2 
485,0 
487,8 

490,6 
493,3 
496.1 
498.9 
501,7 

504,4 
507.2 
510.0 
512,8 
515,6 

518.3 
521.1 
523.9 
526,7 

P r e s s u r e , 
ps i 

Gage 

228,6 
236.3 
244,2 
252.2 
260,3 

268,6 
277.3 
286,2 
295.1 
304,2 

313.5 
323.1 
332,9 
342.9 
353.1 

363.5 
374.1 
385.0 
396,1 
407.5 

419.0 
430.9 
442,9 
455,2 
467,7 

480,6 
493.6 
506,9 
520.4 
534,3 

548,4 
562,7 
577,3 
592,3 

Abs. 

Z43.3 
251.0 
258,9 
266.9 
275.0 

283.3 
292,0 
300.9 
309.8 
318,9 

328.2 
337.8 
347,6 
357.6 
367,8 

378.2 
388.8 
399.7 
410,8 
422.2 

433,7 
445.6 
457,6 
469.9 
482.4 

495.3 
508,3 
521.6 
535,1 
549.0 

563.1 
577.4 
592,0 
607,0 

1 

Heat Content 
Btu/ lb 

Liquid 

379.9 
383.3 
386.7 
390.1 
393.6 

397,0 
400,5 
403,9 
407.4 
410.8 

414.2 
417.7 
421.1 
424.6 
428.0 

431,5 
435.0 
438.4 
441.9 
445.3 

448.8 
452.2 
455,7 
459ol 
462,6 

466.0 
469.5 
473,0 
476.4 
479.9 

483.3 
486,8 
490,2 
493.7 

Latent 

89.0 
88,5 
87.5 
86.5 
86,0 

85.0 
84.0 
82,5 
81.5 
80.0 

78,5 
77.0 
75,5 
74.0 
72,5 

71.0 
69.5 
67,5 
66.0 
64,0 

62.0 
5 9 3 
56.5 
53,5 
50.5 

47.0 
43.0 
39.0 
34.5 
29.5 

24.5 
19.0 
12.5 

0,0 

Total 

468,9 
471.8 
474.2 
476.6 
479.6 

482.0 
484.5 
486,4 
488.9 
490.8 

492.7 
494.7 
496.6 
498,6 
500.5 

502.5 
504.5 
505.9 
507.9 
509.3 

510.8 
511.7 
512,2 

.513,6 
513,1 

513,0 
512.5 
512.0 
510.9 
509.4 

507,8 
505,8 
502,7 
493.7 

Density 
Ib/cu ft 

Liquid 

40.12 
39.84 
39.56 
39.28 
38,99 

38,69 
38.40 
38.10 
37.79 
37.48 

37,17 
36.84 
36.49 
36.14 
35,79 

35,41 
35.01 
34.58 
34.14 
33,68 

33,16 
32.61 
32,02 
31,40 
30,70 

29.93 
29.07 
28,14 
27,10 
26,00 

24.90 
23.60 
22.20 
19.60 

Vapor 

3.700 
3.825 
3,955 
4,090 
4.230 

4.375 
4.530 
4.690 
4.860 
5.040 

5,225 
5.420 
5.625 
5.845 
6,070 

6,320 
6,570 
6.850 
7.140 
7.455 

7,790 
8.145 
8,520 
8.930 
9.440 

10.070 
10.800 
11.700 
12.700 
13.850 

15.150 
16.550 
18,050 
19.600 

r»: '•-I OtZ 
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3. Mollier Diagram 

The Mollier Diagram of the diphenyl sys tem is shown in F igure 1, 

4. Tempera tu re -En t ropy Diagram for Diphenyl 

The t empera tu re -en t ropy d i ag ram is shown in F igure 2. A 
t empera tu re -en t ropy d i ag ram for water i s a lso included for compar i son . 

5. Viscosity Data 

The viscosi ty of diphenyl as a function of t empera tu re is shown 
in Table III. Data were obtained using Ostwald type v i s c o m e t e r s by standard 
techniques . 

Table III 

VISCOSITY OF DIPHENYL AT VARIOUS TEMPERATURES 
(Determined by Eugene C. Bingham, 

Monsanto Chemical Company) 

Temp, F . 

160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 

Viscosi ty, 
Centipoises 

1.439 
1.309 
1.208 
1.114 
1.034 
0,961 
0,901 
0.848 
0.797 
0.752 
0.711 
0.673 
0.636 
0.605 
0.574 
0.549 
0,524 

Temp, F . 

330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
482 

Viscosi ty, 
Centipoises 

0.501 
0.480 
0.459 
0.440 
0.422 
0.405 
0.388 
0.374 
0.360 
0.347 
0.335 
0.324 
0,313 
0.303 
0,293 
0.284 
0.283 

6. T h e r m a l Conductivity 

Data on the t h e r m a l conductivity of diphenyl a r e not avai lable. 
It i s felt, however, that due to the high diphenyl content and bas ic s imi la r i ty 

^^i Pl« 
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of Dowtherm A to diphenyl, data for the t h e r m a l conductivity of Dowtherm A 
would lead to no se r ious e r r o r s . F igu re 3 shows a plot of these data a s well 
as data for Dowtherm E as a function of t empera tu re . ^ 

7. Coefficients of Heat Trans fe r 

Data a r e lacking on this p roper ty . F igure 4 graphical ly p re sen t s 
the liquid film coefficient for Dowtherm A inside p ipes . In this figure 
G" = m a s s velocity in lb/(sec)(ft^), h = film coefficient of heat t r ans fe r in 
Btu/(hr)(ft^)(F), and D" = inside d iameter of pipe in in,^ 

II. DATA ON MIXTURES OF DIPHENYL WITH OTHER MATERIAL 

Since chemical reac t ions of diphenyl occur under conditions which 
would be encountered in heat t r ans fe r s y s t e m s , it i s of i n t e re s t to consider 
the r e su l t s of mixing some of the m o r e common react ion products of diphenyl 
with the pure m a t e r i a l . In genera l , the m o r e probable compounds would be 
the i s o m e r i c te rphenyls and te t raphenyls , and s e v e r a l alkyl benzenes . 

The mos t significant physical p r o p e r t i e s of such sy s t ems might be 
thei r melt ing points , vapor p r e s s u r e s , and v i scos i t i e s . The rma l p rope r t i e s 
a r e a lso impor tant , but these would probably not differ grea t ly from the 
same p r o p e r t i e s for diphenyl if var ia t ion in composit ion of the sys tem is r e ­
s t r ic ted to those ranges where melt ing points and v i scos i t i es a r e not too 
grea t ly changed. 

No data a r e available on the physical p r o p e r t i e s of mix tu re s of d i ­
phenyl with the va r ious pure alkyl benzenes which might be formed by ring 
sc i ss ion in the diphenyl molecule . Nei ther a r e data available on the p rope r t i e s 
of the b inary sys tems consist ing of diphenyl and the i somer i c t e t raphenyls . 
P r e l i m i n a r y work at Argonne has yielded the data p resen ted below on b inary 
sys t ems of diphenyl and the th ree i somer i c te rphenyls and on mix tu res of 
diphenyl with s t i l l bot toms from the diphenyl purification s t i l l s at the Anniston, 
Alabama, plant of the Monsanto Chemical Company. The la t te r t a r - l i k e 
m a t e r i a l i s cons idered to be probably quite represen ta t ive of the complex 
s y s t e m s which might r e su l t f rom the pyro lys i s or rad io lys is of diphenyl. 

Melting points of al l of these mix tu re s were de termined by conventional 
methods , most ly by observat ion of cooling curves run on large samples of 
or iginal ly molten m a t e r i a l . Viscos i t ies were de termined at 130°C using Ostwald 
p ipe t tes . 

'Dowtherm for Accura te High T e m p e r a t u r e , Low P r e s s u r e Heat ," 
The Dow Chemical Company, Midland, Michigan 

b'ji n^M 
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1. Mixtures of Diphenyl with o-Diphenylbenzene 

F igure 5 shows data on the melt ing points of the sys tem diphenyl-
o-diphenylbenzene. Viscos i t ies for the same sys t em de termined at 130 C 
a r e plotted as functions of composit ion in F igure 6. 

2. Mixtures of Diphenyl with m-Diphenylbenzene 

Data on melt ing points for th is sys t em a r e plotted in F igure 7, 
while the kinematic v i scos i t i e s at 130 C a r e plotted against composit ion in 
F i g u r e 8. 

3 . Mixtures of Diphenyl with p-Diphenylbenzene 

Data on melt ing points for th is sys t em a r e shown in F igure 9. 
F igu re 10 gives data on kinemat ic v i scos i t i e s for these mix tu r e s only up to 
a composit ion of 20 per cent p-diphenylbenzene. The melt ing points for 
composi t ions much above this t e m p e r a t u r e were too high to be liquid at 130 C, 
and since this was a p r ac t i c a l l imit for both the equipment used and for some 
of the other sys t ems studied it was concluded that comparable data for a l l 
s y s t e m s would be p re fe rab le . These data indicate that s y s t e m s containing 
p-diphenylbenzene might be expected to give deposi ts of solid m a t e r i a l f i r s t 
when operated at lower t e m p e r a t u r e s . 

Plot ted on the graph of F igu re 9 a r e seve ra l points taken fromi 
data published in the l i t e r a tu re . ^ These were added in o rde r to give a c o m ­
par i son with the Argonne data. 

4. Mixtures of Diphenyl with i ts P y r o l y s i s P roduc t s 

The pyrolyt ic s t i l l bot toms mentioned above have the ana lys i s 
shown in Table IV, 

F igu re !1 shows melt ing points for th is ;;ystem, and F igure 12 
gives the k inemat ic v i scos i ty in cent is tokes for the s / s t e m a s a function of 
composit ion at 130C. 

3 R . J . Hood, E. E . Hardy, A. M, El lenburg, and H. B . R icha rds . 
"The Solubility of p -Terpheny l in o - and m.-Terphenyls and in Diphenyl," 
J. Am. Chem, S o c , 75, 436, (1953) 

6di eiL 
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Table IV 

APPROXIMATE ANALYSIS OF PYROLYTIC MATERIALS 

Component 

Diphenyl 
o- terphenyl 
m- t e rpheny l 
p - te rpheny l 
t r ior thophenylene 
te t raphenyls and higher 

P e r cent 

0.8 
9.9 

44.7 
20.4 

2.0 
22,6 

&9i ^^-
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