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Synthesis of an Inorganic Qily Substance from the
Reaction of Phosphonitrilic Chloride Trimer
with Phosphorus Pentachloride

Hajime SAITO
Department of Applied Chemistry

Abstract

A few workers have reported that an oily substance having a chemical composition
of (PNCIL,),,-PCI, was obtained in the reaction between phosphonitrilic chloride and phos-
phorus pentachloride. However the precise reaction conditions and properties of the oily
substance have remained unstudied.

Thus, the effect of varying the molar ratio of the raw materials on the reaction condi-
tions and the reaction velocity were studied in detail in this paper. Also, a few properties
of the reaction product were studied at the same time. The following results were
obtained from these experimental data :

1. Generally, the reaction velocity increased with the increase of reaction temperature
and the decrease of molar ratio. The raw materials sbowed a completereaction in tem-
peratures under 280°C and under 300°C in a molar ratio of 1 : 1 and of more than 1: 1,
respectively. In temperatures above 300°C, a complete reaction did not occur owing to
the speedy depolymerisation reaction.

2. The density of the reaction product was 1.89 at 20°C and was constant under these
reaction conditions. The temperature coefficient was calculated at —8.5x 107"

3. The relation between molar ratio (m) and viscosity of the reaction product (szm)
may be expressed by the following equation: pum = 0.443 ¢***™+4-6.38. The temperature
coefficient of the viscosity was smaller than that of lubricating oil and Andrade’s equation
was applicable to the variation of viscosity with temperature. ,

4. Generally, the hydrolysis of the reaction product was found to be a reaction of
the first order. In the case of a malar ratio of more than three, it was presumed that
the hydrolysis velocity of the chlorine atom combined with the phosphorus atom existing
in the middle part of the chain structure would be slower than that combined with the
atom existing at the end.
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Audrieth P 3 F b7 0oz 2 vABRIE L THE/RY v ERMT Y& 2 0 L&
TREEZET, KFSOAKRT —FricTED PNCL), THOEINIEHFEROBEYE D
5L, Hihz —F VEAKED (PNCl),-PCly THb SN AP EASBE FILET 5 C &Ry
fz. %7, Paddock L2 2 ZOMEFELMICT B0, bk A k= ) vERBEKEEE
L) vAEBRS S, £NPEEKEE S 5, CI[PNCL],-PCl, & XU [Cl-(PNCl,),-PClL]* -
Cl- DB ETHD EDRTNS, Lal, £OHREHICX3 SR, A Sk
oY, {LRAEEC OO TORREHES 2 TR, Lich> TEHTR, BlhhAk= .

FYLVEREEREMLY YORBKR BT, 20T VEOE/LMIBRGHE OISt B &

URIGHREIC B R ITTEBIONT, A ONTERBOBHO—MIT DL THER L /oFR
EWET D,
2. R B A K

2-1 BRXKRZPUIZBHOAR

FIrF5/uvnxgy1500ml inHIEY »500g ZARL, i 200g /LT ve=
T LEBAL, T 135°C T 20 RS X ¥, BUSKTH, BREOKNT e T A
EWHL, 11l mmHg ORFETT50°C THEAIZREL K, < OFEE 10 mmHg OREETIC
124°C THE L THBREAR AR = P VERBELSEHIL 2,
2:2 ZBELIAELLYVORE

FIfiTAONAZBARERIE(LY) YO I~5 OFAICEAL, THERDORIGH
BRSNS SHEE N/ 240°C O BAKRDMEAFISHEEZE K3 5 350°C £ TD 20°C R
FEODIRBE T, & h T 30 Wi % TORISHMEIG S €k, RISHIE RIS & RS H O &
CaNsh, TOMRIIGHOLRIINT 2B B E I TRISRAERD I,
2.3 RIGHERADHEHR

BAEEAEMAY vOZGELVEKODBDILDNT, BEARKIE LK EEZ DN BSEBRYD L

A, Ff, 20°0C B IHEAE, HEK 50°C % T 10°C R CHEAE R B - THlE
Ute, D&, RISHERDOREEOBEE KSERORFEC L> 7, T4bb, Ak
1g iz 200 cc OAEA, 30°C T 46 B TOBMEMAKIEL 7, D& X, 5B MKS
BRI TREN S,

(PNCL),.- PClL,+ (62+4) H,O = (n+1) H,PO,+n NH,OH +(2n+5) HCI

COEDS, TLEINKSFIC X DERT ZREARKES A eV Gn+7) T, Ik
DA T L) TR VEEREELTO0SN © NaOH B CEL, HBAKZEA & v
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ERAEAENY) vOFBVKICH LT, FUSRE, BISHE S X OCRRISESE%E Fig.
I~5 TR LT, CO& BRI H Y 5 KGR 3 340°C, 320°C, 300°C, 280°C, 260°C ¥ LU
240°C %, #NFh —@—, —@®—, —X—, —[O—, —A—, BIT—H— THERU,
TOLE, FUSROREEL U TRIISHORRE > 1cDE, ERRYMHE B X URIS
OEEALY ¥ M OUGREEZ R T 720, ERERDZBAHICBY ZBENREOPLLTH B,
Fig. 1~5 5, WROMPEEUTHCREMNGVEY, IZRgAEIEELY vO'EN
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HEARNEVERE, —RICUSEERR &N, UL, ®wikl:1 T 280°C DL Cld—ER
M R RS T FUSR#ETET, $AEROSEECERIRRTH B, TEVE
A1:1Rl i, 280°C & CREEEIZ 100% 15508, chll - ORE Gl —E %
SRR TRR LB HAE R T, CcOCEREN LI OE XE 260°C ZiSiICBNTH
Rohz, 2omBEREISiRERE L, 3200C PLLoRIS TGRS 100% 1085 &
BV, CORREZEHROADOESISIBNT, Ginblett? it > TONLN L DI,
COBHITD BVEANEVIRE, BREISE Y, FARBHEBENE ERESFUSNEC
DROFTNHETHDEELONS, CORBEHHEMANTIE, =kl 1oL i3 260°C, 20
RS S, NP ko= ovi Tl 300°C, 10 M, 280°C, 23 W BUISHE TIRIZsEA IR
L7,
32 SRMKBEOLLE

HERIRGE © 20°C i B Y 5 E A HE L iR e
(DR W Y S T U A YO T IR )
Z%TJBM@KM%%EH&Ltﬁ,%»%1&@@@@%@
EBFURED X 260°C, 18 MRIRUSH AR & L
340°C, 4 I HD S Db HlsE LI L 1o,
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Table 1. Density of Synthetic Oil at 20°C
(PNCl,)s/PCI
(Molar Ratios) 1 2 3 4 5 5
Reaction Temp. (°C) 260 280 280 280 280 340
Reaction Time (hr.) 18 23 23 23 23 4
Density 1.885 1.884 1.887 1.886 1.887 1.885

PllEdb, ZBAREFREEMLY YOI OEBREHNTE, 20°C kg s
EWMHAT—EE 1.89 £ 2 511, TATBRISY T TH BUISHL 100%
BB EAERNEDEEZOND,
=11, 260°C, 18 BRSSO LT DR IC X 5 £ 4b4E #lE
Table 2 iz 7R U 12,
ST, —ROBEKOBEERRE L5
Ko X 0.1% ¢, ¥BEicE d=dtat+bt’+ct’(d, d.::

L
[ & &

BRiaze
BHED
D EIT, Liosi s
CEDBAL, ZOETRE2C HTEN
0°C, t°C DR ;

T 1°C
a, b, c: EFH) T

Table 2. Variation of Density with Temp.
Temp. (C) i 20 30 40 50
Denstiy } 1.885 1.877 1.868 1.859
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Kbashsz &nmbn T 5, Table22»5, &k 20°C R BOTEEZOETRI
1°C T0.045% BE TR O/NES o te, T, BERED b, c DEENEEBE»PORKDLN
D, a DR —085%107° T d, 1 1.902 LM s B,
3-3 ERBMKHHEOKE
MR E O 20°C I B A HEABERBEC I OMEL &, WERRIN 7 AREZERL,
Stokes DT X D EHIL 72,
pexp. = g (0s—0) d*/18u
g: TSIDOIMBEE cm/sec? Os: # 5 AHDEE g/em®
0: HRME OB glem® d: H 5 AFKDOERE cm
w: FRETHE cm/sec
T, MBEASROREOEBAEMIET S oIz Perry” OIEX 2 ALy, HEEREEHE
BRLUTHEZHETED, ki ko THIEL 7,

/L COT. = g1 €XP. {1—2‘104 d/D+2.09 (d/D)3}

D: BEOER cm d: #5 AFHDEL cm

CDEEBTIE, HIAKEM2cm A TFI5ICETHHEOSBIOMEMBONEEHEEL E - 2
hs, ZDEx 0,=2553, 0=189, d=04 T u=02~0.07, D=2 TH-7, PV it H@lEL

7o Wi % Table 317z L 72,

Table 3. Viscosity of Synthetic Oil at 20°C

(PNCLJJ/PCl; (Molar Ratio) 1 2 [ 3 ] 4 k 5 | 5
Reaction Temp. (°C) 260 280 280 280 280 340
Reaction Time (hr.) 18 23 23 23 23 4
Viscosity (Poise) 6.38 802 955 126 184 186

Pllmb, ®=rl5:1 08 &3 280°C & 340°C RIED & = O O RFIEWIT/N I,
TDTEDPD, BN OEERELRIISYMBISNITODT, o EbHUSERDO Ik
260°C, 18 BIDZRMET O DAFFE L7208, O & & 280°C TRAFUSHMA S NAITHE
OHEMOER/ NIV DEHEEEINDS,
& T, (PNCL),/PCly ®vkha m &L, loglpm—u) & m EOBGEE Fig. 6 KR L 12,
Fig. 6 25 log (ptu—p) & m S OMICBERBERMEEN TS, m=1 T TR RGERZ
SNITNDT o, DEAEEEICE D & COBEBRERL LR BRILT 5,
tw = 0.443 5971638

DE, ', 260°C, 18 RIS D 20~50°C @ 10°C R OIREIC B 5 KK
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Table 4. Variation of Viscosity with Temp.

Temp. (C) 2 1 30 ! 40 50
T
Viscosity (Poise) 6.53 4.45 i 2.90 2.10

RsE L fo A Tabled iR L 72,

ok, logu & T OPR%E Fig. 6 pic/R U7, COBBRRERBAMBERILITZOT
X MENTWS Andrade O—FNAHM T &, WEHMICKH L THREOEBIRE (AN
Lishhd, U THEL & BRI XK BENLY 5,

M= 3.32% 10‘5.83.58:4103/')3

3-4 ERARHMED KT &
BRI E OFIROMEERE L e b DIt 20T, 46 € TO MK R4 Table 5
IR L e,
DEIC, TOMKSBEIEEREIHC L B E— IS & B ATISHEZBE Ui, T710b 5,
KA BEOMRBEORE a £ L, ¢t BEBIK @—2) REMEoId %, loglafa—x) &t &
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Table 5. Hydrolysis Data of Synthetic Oil

Time (hr.)
3 2
Molar Ratio k 15 2 46
1 2.88 12.287 2.740 2.875
— * 79.6 95.2 100
9 2.78 0.962 1.343 2.265
— 34.6 47.5 81.7
3 272 0.512 0.646 1.161
— 18.8 23.8 59.2
4 2.69 0.358 0.449 0.776
: e 13.8 16.7 28.8
5 2.67 0.273 0.325 0.544
— 10.2 12.2 20.4

Note: >k Mol number of theoretical hydrogen ion X 102
¥ Mol number of produced hydrogen ion by hydrolysis X 10?
#* Hydrolysis percentage

OEE%E Fig. 7 KR L 12,

) . 1 e e s E1E] 12 it o8}
Fig. 75, COBRIERAEBEREZRLET
o7t
HDT, —RELEEZLOND, L1 Tt 48 o6l

BERIH 1T 1L AR I 100% & 155 O CHREIZC 0% osh
BHROATRAARTH 20, FAFc—xEnE  ©
EATEIOEEDNS,

BE, COLEEME3 1YL TIE 22 BHEK oz
TS B O TR G BB S35 TR A 9 2 Him = /R g f’{"’/’{/‘
L, chssFig. 7 hic b T3, o5 2 was (s 46
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BIREED D Y YEFIEAL TV A EFROMKSREE DD, BEREMNRELLBICLE
Do THEITR YD, BEOHBOTBIASBEEESBEZNCEICIBEELLNDH, MK
SO DN TR B THET 5,
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BAARAR= P Y VEZBEKERIENRY 2RSS T (PNCL), -PCly DK Z b 2 kY
HeamT s e s, WMEROE VLY, FUSGKRAEBIUMSHEERLBXEIEEZOVT, &
SR OGO, WE, HMEBIOIKSBRRIZOOTHRE L TOEDRRE A,

1. FUSRENEVIEE, TR VEMNIDRERGEERRESOD, FIGERZ v
1 T3 280°C £, #NP D= TR 300°C £ THERKEHBA LN, TN EDORE
TRBESFUSHIRE CRAUSHR A SNE b 7,

2. ZOEBKHHEMANTASNIHRYEDOKER 20°C T 18 Oo—EEERL, BE
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3. WREO = () EHEE () BIZ 20°C 1T BT = 0.443 5597 4-6.38 75 5 [
B L, Fio, MEOEBEZELE—BOMEMCEL T/hE <, Andrade O — 5358 H
INB Ebibo iz,

4. IRGEOIK S BB IEE XIS EEZ ONB, T, BB 1 LD KRS
W& ORI ARDE R EEBRHE D O ) VIZHEE T B R O INK A R D 2 B I BRI
Y, BEOHEBOMMAKSRELBAECLLTEZV D L IN I,
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